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OF THE 


ACADEMY OF NATURAL SCIENCES .- 


or 


PHILADELPHIA. 


1886. 


JANUARY 5, 1886. 
The President, Dr. Lerpy, in the chair. 


Twenty-six persons present. 
The death of J. B. Lippincott, a member, was announced. 


JANUARY 12. 
Mr. CuHarxues Morgis in the chair. 


Fifteen persons present. 

A paper, entitled “New Species of Partula from the New 
Hebrides and Solomon Islands,” by Wm. D. Hartman, M. D., was 
presented for publication. 


On the Morphology of superimposed Stamens.—At the meeting 
of the Botanical Section on January 11, Mr. THomas MrEnan 
remarked that Sachs teaches that stamens ‘‘ must be considered 
morphologically as foliar structures, and make it convenient to 
term them Staminal Leaves,” ! and Dr. Asa Gray defines a stamen 
to be ‘‘ one of the elements or phylla of the andrecium.’’’ So far 


1 Text Book, English ed., p. 473. * Structural Botany, p. 435, 
2 
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as the speaker knew, no botanist regards the stamen as an axial 
development, yet there are occasional phenomena that seem to be 
inexplicable on any other hypothesis. We have to admit that a 
flower is not merely composed of modified leaves, but is a modified 
branch ;—the branch, arrested in its development, produces sepals 
and petals in the order and in-the place where leaves might have 
been. Occasionally, however, the usual order of phyllotaxis seems 
broken. Stamens will spring from the base of petals, and oppo- 
site, where we looked for them to alternate; and then for the 
sake of consistency with the phyllal hypothesis, we have to 
assume that one theoretic whorl has proved abortive, or that there 
has been a multiplication of whorls, the superimposed one being 
the extra. This introduction of an extra series, immediately over 
the lower, not provided for in the original phyllotaxy, has, I 
think, never been seen in the normal condition of the branch, 
and it is difficult to conceive how this could occur under the 
arrestation of axial growth that transforms the branch into a 
flower. On the other hand, if we take the petal to be the analogue 
of the leaf on the elongated branch, there seems no reason why 
there should not be, theoretically, an axial bud to the petal; and, 
should this bud develop, it would be the superimposed stamen. 
Branching and articulated stamens are frequent in those families 
that have these organs spring, as it were, from an axial bud at 
the base of the petal, as in a diminutive or suppressed secondary 
branch we might expect them to do. 

The flowers of Mahernia verticillata Cav.,a well-known Byttneri- 
aceous plant from the Cape of Good Hope, common in cultivation, 
which he exhibited this evening, seem to indicate that its super- 
imposed stamens are really arrested branches. The genus is” 
separated from Hermannia chiefly by a cup-shaped gland at the 
middle of the stamen (see Fig. 2). A comparison with the 
axial development of the inflores- 
cence shows the stamen to be formed 
on precisely the same plan as the bi- 
flowered peduncle (Fig. 1). Really 
the flowers are axillary—a single 
flower being produced from the axil 
of each leaf. What appears to be 
the ‘“two-flowered peduncle” of 
authors is simply a diminutive 
branchlet. After forming one node 
the longitudinal development be- 
comes nearly arrested, and we have 
only a shortly-pedicillate and slowly 

Mahernia verticillata Cavanilles, developing flower, representing the 

Beaty Us ents shorter of the two in the cut. The 

a RR S'S bud in the axil of the bracteolate 
leaflet, however, makes another and stronger attempt at growth, 
and pushes up and over the one which terminates the first growth. 


1, 2. 
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In the development of the stamen we read in the same lan- 
guage. The lower leaf from which the short though main 
peduncle in the inflorescence appears, is typified by the petal. 
The common peduncle is represented by the filament, and the 
cup-like gland at the middle stands for the bracteole of the bi- 
pedicels. Here one of the flower buds—probably the outermost 
and weakest in the normal development—wholly disappears, the 
innermost becomes the upper part of the filament, the next node 
may be at the connective, and then the theoretical floral leaves 
proceed to form the anther. The incised bract is reduced to 
the fringed cup-like gland from which the stamen proper springs. 

A close examination of the stamen gives some further facts in 
support of this theoretical view. When a branchlet is produced 
from a branch, it is necessarily more slender than the parent 
branch. The upper nalf of the Mahernia filament is more slender 
than the part beneath the gland, and, while the lower portion is 
smooth and membranous, the upper is minutely hispid—variations 
which we might only expect in distinct internodes. Only for its 
actual office in supporting and appearing in the direct line of the 
stamen, we might critically call the lower portion a peduncle, and 
the portion above the gland the stamen proper. 

And we may conclude, after a whole study of the subject, that 
in many cases superimposed stamens are the development of 
theoretical axial buds at the base of the petals, and not the result 
of an interjection of an extra whorl of leaves for which there 
would be no warrant in phyllotaxy. 


JANUARY 19. 
The President, Dr. Lrrpy, in the chair. 


Fourteen persons present. 


Mastodon and Llama from Florida.—Prof. Lrtpy directed 
attention to some fossil bones, being part of a collection now at 
the Biological Department of the University, recently received 
for examination from the ‘Director of the U. S. Geological 
Survey. The collection was made by Mr. W. H. Dall, near Archer, 
Florida, in a locality discovered by Dr. J. C. Neal, who had pre- 
viously sent specimens to the Smithsonian Institution, and others 
directly to Prof. Leidy for identification. Some of these speci- 
mens had been brought to the notice of the Academy, as indicating 
a species of rhinoceros and of a horse, to the former of which 
the name of #. proterus was given, and to the latter that of Hip- 
potherium ingenuum. In the collection recently received are’ 
numerous bones and well-preserved teeth of the rhinoceros, mostly 
limb bones, among which are fourteen well-preserved astragali. 

Some of the specimens exhibited are those of a mastodon, 
apparently a previously undescribed form, although upwards of 
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a half dozen distinct species have been characterized as pertaining 
to North America. An unworn crown of a last inferior molar 
tooth resembles most nearly that of the Mastodon angustidens of 
Kurope, but is much larger. It has the same number of crests, 
but the fifth is proportionately much more developed, being 
divided into two lobes, about two-thirds the size of those of the 
fourth crest. It is also much larger than in M. andium, and has 
its lobes proportionately more robust, and is provided with a 
well-produced external basal ridge. 

The following are comparative measurements of what appear 


the most closely allied forms :— 
Fore and aft. Transverse. 


Florida mastodon, . : 9 inches. 34 
M. angustidens, . é + inches. 34 
M. andium, : : : 8 inches. 3 


Small fragments of tusks indicate the possession of a band of 
enamel, as in the M. angustidens. For the species, the name of 
Mastopon (TRILOPHODON) FLORIDANUS was proposed. 

Among the fossils are several isolated teeth, and bones appar- 
ently indicating three species of Llama. Judging from the 
astragali, one was about the size of the existing South American 
species; another, of which there are five astragali, as large or 
larger than the camel, and a third of intermediate size. The 
measurements of the astragali are as follows :— 


Large species, Length, 100 mm. Breadth, 70 mm. 
Medium do. Ae 6a." >" 42 
Small do. = 50? 7 + oo i" 


The three species may be distinguished by the names of 
AUCHENIA MAJOR, MINOR and MINIMUS. 
Among the fossils is an astragalus of Megatherium. 


JANUARY 26. 
The President, Dr. Lerpy, in the chair. 
Twenty-four persons present. 


The following were presented for publication :— 

“ On a Giant Conorbis from the Oligocene Denon of Florida,” 
by Angelo Heilprin. 

“Notes on the Tertiary Geology and Paleontology of the 
Southern United States,” by Angelo Heilprin. 

Roland D. Jones, M.D., was elected a member. 

Charles Wachsmuth, of Burlington, Iowa, and Alfred M. Mayer, 
of Hoboken, N. J., were elected correspondents. 

The following were ordered to be printed :— 


: - 
oa ele heey 
aa Ree Mes i re , : ; 
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AARON ON NEW PSOCIDAE 
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Hartman on New Species of Partula. 
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ON SOME NEW PSOCIDE. 
S. FRANK AARON. 


The several new species described here are in the collections of 
the American Entomological Society. 


Cecilius subflavus. 

Almost entirely pale yellowish, or bright luteous, very sparsely 
pilose. Antenne and palpi very pale, the former slightly fuscous 
on the basal joints. Eyes black and yellow. Ocelli rufous brown, 
small. On each side of the occiput, from and behind the eye, a 
fuscous cloud or band, not joining in the middle. Thorax and 
abdomen yellowish, the anterior lobe of the former with a faint 
darker spot, and the latter with some fuscous markings ; appendages 
brighter yellow. Feet pale, semitransparent. Wings hyaline, 
very slightly clouded in the cells with pale luteous, and with a 
nucleated darker spot directly below the posterior angle of the 
pterostigma. Veins luteous, and with the pterostigma, having a 
few fuscous hairs, each springing from a black point. Length to 
end of wings about 2-2°5 millim. 

Southern Texas. I collected this species from live oak trees 
along the river bottoms; found only two specimens, male and 
female. The male is smaller, eyes black and large, the thorax 
fuscous (probably discolored by drying), and the clouds in the 
wings pale brown. 


Cecilius nubilis. Plate I, fig. 3. 

Pale luteous. Antenne and palpi entirely pale. Nasus some- 
what indistinctly clouded. Ocelli dark brown. An irregular 
maculate pale brown line on each side of the head, extending 
from within the margin of the eyes to the posterior central 
portion of the occiput, and a double maculate paler brown line 
dividing the occiput and almost reaching the ocelli. Eyes pale, 
with a yellowish green reflection. Thorax pale, the lobes clouded 
with pale brown. Abdomen paler, the sutures, in part, brown. 
Legs very pale, the last tarsal joint fuscous. Wings hyaline, 
pterostigma the same, not more opaque; veins brown, the larger 
ones, on the basal half of the wing, paler, and on the apical half, 
wherever they join the margin of the wing, they are, together 
with the marginal vein at that point, black, or deep fuscous, 
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surrounded by a small pale brown clouded spot. Each cell in 
the apical half of the wing has, midway between the veins, a pale 
brown cloud, approximately taking the shape of its cell. At the 
base of the pterostigma a small black spot, and another at the 
junction of the cubitus and posterior margin. Length to end of 
wings about 2 millim. 

Southern Texas. One specimen discovered while beating a 
live oak thicket on the prairies. 


Cecilius impacatus. 

Pale yellow and brown. Antennz much shorter than wings, 
fuscous, the basal joints and the first long joint in part, pale; 
palpi fuscous. Nasus pale, somewhat clouded with brown; rest 
of head yellow with brown markings, the space before and 
directly around the separated golden colored ocelli, brown; a 
brown band on each side bordering the inside margin of the eyes, 
and another on each side of the dividing occipital suture, reach- 
ing each posterior ocellus. Eyes brown and pale, about con- 
colorous with the other parts. Mesothoracie lobes brown, deeper 
colored anteriorly, the sutures pale yellowish ; rest of thorax pale 
yellow and brown. Abdomen pale, the sutures brown, and brown 
markings at the apex. Legs pale, the apical tarsal joint darker. 
Wings clear hyaline, the seemingly delicate veins pale brown. A 
small black spot at the base of the pterostigma, and another at 
the junction of the cubitus and posterior margin. Otherwise the 
wings are entirely unmarked. About 3°5 millim. long to end of 
wings. 

Penn. (near Philadelphia).—I beat one specimen from the 
branches of a beech, and, on account of its constant activity found 
it very difficult to capture, almost hopelessly mashing it in doing 
80. 


Psocus campestris. 

Luteous and pale brown. Antenne about as long as the 
wings, fuscous, the basal joints luteous; palpi pale, fuscous on 
the extreme apex. Nasus short, lineated with brown, and 
sparsely pilose ; rest of head luteous, a brown irregular patch on 
the margin of nasus before the ocelli; a narrow black line 
dividing, the occiput; faint fuscous maculose markings on each 
side, within the margin of the eyes. Ocelli black; eyes brown, 
with paler reflections. Lobes of the thorax brown, the sutures 
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luteous. Abdomen pale brown, the sutures and underneath in 
part pale. Legs pale, femora somewhat yellowish. Wings per- 
fectly hyaline, the veins pale brown, semitransparent luteous in 
parts ; pterostigma, a narrow space directly beneath it, and the 
indication of a small spot at the junction of the cubitus and pos- 
terior margin, pale brown. Length to end of wing about 2°5 mill. 

Southern Texas. One specimen taken from the live oak trees 
that compose the small groves (motts) on the prairies. It is 
allied to Ps. quietus, of Hagen (many specimens of which I also 
found in the same locality, but in different situations, viz.: on 
yellow berry bushes), but differs from that species in being con- 
siderably smaller, in having the nasus shorter, not reaching the 
ocelli, and by having fewer markings on the head. 


Psocus Leidyi. Plate I, fig. 2. 

Pale yellowish and black. Antenne nearly as long as the 
wings, subfuscous, the basal joints pale; palpi pale, the apical 
joint subfuscous. Head pale yellowish, deepest on the nasus, 
which is faintly lineated with paler; a large shining black 
rounded spot in the middle of the upper part of the nasus, bor- 
dering the suture; beneath the antennz, on each side, a small 
black spot; ocelli black; occiput with a brown band on the 
dividing suture containing a double row of darker spots almost 
reaching the ocelli. Eyes black. Lobes of the thorax black, 
shining, the sutures and the rest of the thorax pale yellow. 
Abdomen pale yellow, the sutures black, merging into a longitu- 
dinal row of irregular spots on each side of the dorsum; a large, 
irregular, shining black patch on the dorsum of the apical seg- 
ment, with a smaller black spot on each side below it. Abdo- 
men beneath partly fuscous. Apical appendages, yellow and 
black. Legs very pale, the base of the tibia with a black spot 
beneath, and the tarsi subfuscous, the apical joint black. Wings 
clear hyaline, veins mostly fuscous, that enclosing the pteros- 
tigma yellow, and the veins enclosing the discoidal cellule, with 
certain of their branches, in part pale yellowish and light brown. 
Pterostigma subopaque, a small black spot at its base, a rounded 
clouded brown spot posteriorly within its apex, and another 
brown spot directly below and contiguous to its posterior angle; 
at the basal angle of the discoidal cell a large rounded brown 
spot, and another smaller at the junction of the cubitus and 
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inner margin. Hind wing immaculate. Length to end of wings 
about 5:5—6 mill. 

Rhode Island and Pennsylvania. From two specimens col- 
lected many years ago by Dr. Joseph Leidy in Rhode Island, 
and two specimens taken by myself near Philadelphia, on the 
trunks of chestnut trees, where they appeared to be solitary. 
For some time I had, somewhat doubtfully, supposed this species 
to be Ps. canadensis, of Prov., until I received a letter from Dr. 
Hagen, referring canadensis to the genus Hlipsocus. 


Psocus texanus. 

Pale yellow, with brown markings. Antenne longer than the 
wings, fuscous, pale at the base. Nasus lineated with brown; rest 
of head above with irregular markings, viz.: a horseshoe spot 
before the ocelli, an irregular line on each side from near the 
base of the antennz to the ocelli; a line of spots within the 
margin of the eye, occiput with a line of spots on each side of the 
dividing suture that come together just behind the ocelli. Eyes 
brown, with a slight golden tinge; ocelli black. Lobes of the 
mesothorax clouded with fuscous, the sutures pale yellow. Abdo- 
men marked with fuscous, and the anal appendages yellow. 
Legs luteous, the apical tarsal joints fauscous. Wings hyaline, 
the veins brown; pterostigma less clear, a fuscous spot within 
its apical half, and another just below it; a fuscous band crosses 
the entire wing in the middle, its outer margin reaching from the 
base of the pterostigma to the junction of the cubital and post- 
costal veins and the posterior margin, passing through the basal 
angle of the discoidal cell. Hind wings hyaline, no markings. 
Length to end of wings about 4 mill. 


Var. submarginatus. Plate I, fig. 1. 

Characterized by having the fore wings with additional mark- 
ings in the form of a submarginal fuscous band or cloud, 
reaching from the second apical nervule to the posterior apical 
extremity of the discoidal cell, and with a few somewhat 
rounded spots between the nervures bordering upon and beyond 
the discoidal cell. Length about 3 mill. Otherwise like texanus. 

Southern Texas. I took fifteen specimens of texanus'and four 
of var. submarginatus entirely by beating from yellow berry 
bushes, black chaparral and live oak, over the prairies. It is 
probably the commonest species in its locality. 
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ECHMEPTERYX nov. gen. 


Head much as in Psocus, etc., the ocelli more widely separated. 
Antenne with the two basal joints short and stout, the others rather 
slender, each joint attenuated in its middle, swollen somewhat at 
its apex. Dorsum of mesothorax entire, not divided into lobes, 
extended into a projection posteriorly. Tarsi three-jointed. 
Wings covered with scales of various forms. Apex of wings 
pointed, and furnished somewhat densely with long hair. Neura- 
tion peculiar, as shown in Plate I, figs. 5-6. 

Belongs to a group with Amphientomum and Perientomum, 
probably most closely allied to Dr. Hagen’s Amph. (Syllysis) can- 
datum ; differs in the neuration. 


Echmepteryx agilis. Plate I, figs. 4-9. 

Antenne much shorter than the wings, pale fuscous; palpi 
fuscous. Nasus fuscous, pilose; rest of head somewhat pilose, 
pale, with dark brown markings, a bent brown line across the 
head, transversely, separating the anterior from the posterior 
ocelli; before the ocelli, in the middle, some irregular brown 
markings and bands (varying in different specimens), and between 
the ocelli, connecting with the transverse line, two convergent 
brown lines, extending to a brown patch on each side upon the 
occiput; on each side, within the margin of the eyes, another 
brown spot, becoming a line, and also joining the occipital patches. 
Ocelli black, each one within a small brown spot; eyes brown and 
golden yellow. Thorax brown, portions pale luteous, dorsum of 
mesothorax dark brown, somewhat scaled, and very pilose. 
Abdomen pale yellowish or luteous (in some specimens fuscous, 
probably discolored by drying), with some brown markings. 
Legs fuscous, somewhat paler or luteous; tarsi luteous, fuscous 
towards base. Wings fuscescent or smoky when denuded, becom- 
ing hyaline towards the apex; veins darker, semitransparent. 
Scales mostly fuscescent, paler towards the base; when upon the 
wing seemingly fuscous, and when thickly placed appearing almost 
black; other scales luteous upon the wing. -These scales cause 
the wing to be covered with black, fuscous and luteous patches. 
The long apical hair mostly fuscous, luteous in patches. Hind 
wings hyaline, slightly infuscated, no scales, the long apical hair 
fuscous. Length to end of wing about 3 millim. 

Pennsylvania. I found this species on the trunks of beech 
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trees in a woods near Philadelphia. It is very active, quick and 
difficult to secure. I believe it represents a group entirely new 
to our fauna. 


EXPLANATION OF PLATE I. 


. 1. Psocus texanus var. submarginatus. 

2 * Letdyt. 

3. Cactlius nubilus. 

4, Head. 

‘* 5. Denuded fore wing and thorax. 

6 “¢ hind wing. 3 
7. Fore wing covered normally with scales. of Echmepterys agtlis, 
8. Tarsus. 
9. Forms of wing scales greatly maguified. 
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THE INCLUSIONS IN THE GRANITE OF CRAFTSBURY, VT. 


BY CALVIN McCORMICK. 


The inclusions usually found in granites are observed to vary 
to a marked extent in outline, structure and mode of occurrence. 
Very often they resemble imbedded fragments of older rocks. 
They are usually darker than the including granite, and are either 
circular or angular. When rounded they resemble an enclosed 
pebble; when angular, a fragment of slate or mica schist. They 
sometimes merge into the surrounding rock by thrusting out 
minute connective particles. They are generally finer in texture, 
and hence less easily decomposed by atmospheric agencies than 
the enclosing granite. 

A reference to the recorded observations on granitic inclusions 
will doubtless assist materially in the study of the subject. In 
1821, Dr. John Macculloch, in his “ Geological Classification of 
Rocks,” p. 230, refers to inclusions as ‘‘irregular patches or veins 
of a fine texture, spheroidal in arrangement, imbedded in coarse 
granite.” In 1858, Dr. Carl F. Naumann refers to “ pseudo-frag- 
mentary concretions resembling sharp-angled fragments common 
in crystalline siliceous rocks.”” (Lehrbuch der Geognosie, 2 Auf., 
Band I, S. 422, 560; B. II, S. 203.) 

In the same year Dr, F. Hochstetter states that “the granites 
of Billston Island contain micaceous fine-grained, dark, globular 
enclosures.” (Jahrb. k. k. geolog. Reichsan., S. 285.) 

In 1863, Dr. F. V. Andrian, referring to the hornblendic granites 
of Central Bohemia, mentions ‘‘ innumerable fine-grained enclos- 
ures, sharply segregated from the surrounding rock, varying in 
size from ,, to 4 inches in diameter. These enclosures contain 
small quantities of hornblende crystals. From their abundance 
and identity of constituents they were produced during the solidi- 
fication of the rock mass, by a process of segregation, the exact 
nature of which is unknown.” (Beit. z. Geolog. d. Kaur. Tab. 
Krei. Bohmen, 8. 166.) 

In an article on the ‘‘ Metamorphic Origin of certain Granitoid 
Rocks and Granites in the Southern Uplands of Scotland,” Prof. 
James Geikie describes “ nests of altered rock in a gray granite. 
These are distinctly laminated, fine-grained, micaceous and 
imparting a dark shade tothe rock. They are irregular in shape, 
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and scattered indiscriminately throughout the mass.” (G@eo- 
logical Magazine, 1861, vol. 3, p. 533.) 

All of these observations relate to the external appearance of 
these inclusions. No one of these writers has given us an intima- 
tion of the microscopic or chemical nature of their internal 
structure. In this respect Prof. J. A. Phillips has greatly sur- 
passed his predecessors. 

In the Quarterly Journal of the Geological Society, vol. 36, p. 
1, this author describes granites and their inclusions from numer- 
ous British localities. The Cornwall granites at Lamorna, Zennor, 
and Luxulyan contain numerous black patches, angular, fine- 
grained and composed of quartz and mica. The granite of Shap 
in Westmoreland encloses numerous well-defined, dark, round 
patches, fine-grained and varying in size from } to 15 inches in 
diameter. 

In Scotland, the Aberdeen granites (metamorphic, Haughton) 
contain foliated, subangular inclusions of black mica. 

In Ireland, the granite of Newry (metamorphic, Hull; igneous, 
Kinahan) affords inclusions which are apparently concretions. 
The Mourne granite (eruptive) contains ovoid and angular, fine- 
grained dark masses of mica and quartz. 

This author derives the following conclusions from these 
observations: 

These granitic inclusions are of two distinct kinds. The first 
is the result of anabnormal arrangement of the constituent minerals. 
The second represents the enclosed fragments of other rocks. Of 
the first, the outline is more or less ovoid, and they are essentially 
a part of the including granite. The dark color is due to the 
quantity of mica and hornblende. A second nodule contained in 
the first, is indicative of concretionary origin. 

The formation of rounded inclusions in granites is believed to 
be contemporaneous with the solidification of the mass, and 
similar to that of the well known Napoleonite or orbicular 
diorite of Corsica. 

Of the second class, the inclusions are irregular in outline, 
schistose in structure, traversed by quartz veins or divided by 
strings of granite. They are frequently unaltered, and are easily 
recognized as fragments of gneiss, hornblendic and micaceous 
rocks. 

In our own country, Professor Irving, in his report ‘On the 
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Copper-Bearing Rocks of Lake Superior” (U.S. Geol. Survey, 
vol. v, p- 125), refers to a hornblendic granite containing an 
augitic core, and the entire mass showing minute flakes of . 
biotite. Mr. Clarence King, in his “ Systematic Geology” (U. 
S. Survey, p. 120), graphically describes the remarkable granitic 
wall of El Capitan, in the Yosemite Valley. This presents a 
vertical face 3200 feet high, dotted with irregular cloud-like 
masses and lenticular bodies, apparently segregations of the 
component minerals (brilliant black hornblende, quartz, biotite 
and orthoclase). This segregation he considers to be the result 
of mechanical accidents. 

Having thus hastily glanced at observations relating to granitic 
inclusions in other localities, we are better prepared to under- 
stand those of the Craftsbury region. In the following consid- 
erations we will observe, first, the including granite itself; 
second, the included nodules, their external appearance and 
internal structure, and the relation of the rock-mass to its 
inclusions. 

This nodular granite consists of the usual ingredients of a 
true granite—quartz, feldspar and mica. The quartz is the most 
abundant constituent. It possesses the properties of ordinary 
quartz as to color, lustre and. hardness. The feldspar is the 
common orthoclase, every light in color—even resembling the 
quartz in this respect. The mica is the black variety (biotite), 
and is sparingly scattered through the mass. It is in striking 
contrast with the white components, and gives the rock the 
appearance of syenite. But no hornblende is present, nor have 
accessory minerals been observed. ‘These constituents are dis- 
seminated irregularly throughout the rock-mass, and since they 
occur in small dimensions, this mass is fine-grained in texture. 
According to Prof. H. A. Cutting, State Geologist of Vermont, 
this granite occurs in place like other granites, but south of the 
beds it consists of numerous large bowlders. 

Professor C. H. Hitchcock refers this granite to the Cods 
group, which he places directly below the Lower Helderberg 
division of the Upper Silurian. 

The Inclusions.—These are spheroidal or elongated nodules of 
biotite, from one-half to two inches in diameter, with the long 
axis sometimes fourinches. They are more or less flattened, and 
frequently consist of only a few plates. Their surface is smooth 
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or sometimes plicated, the folds corresponding to the long axis. 
Then they resemble a dried butternut, stripped of its epicarp. 
Several convex scales may be detached from a flat specimen, 
placed on edge, with a sharp blow of the hammer. 

They are distributed irregularly through the rock-mass. In 
some portions they are more abundant than in others. Some 
parts of the Craftsbury beds are composed entirely of nodules, 
slightly cemented by grains of quartz and mica. It appears 
that there is no law as to their distribution. From this locality 
to the Canadian line it is stated that these inclusions are very 
rare, in the beds extending over this area of about forty miles. 
(C. H. Hitchcock, Geology of Vermont, vol. 2, pp. 564, 721). 

The Internal Structure.—But few microscopic sections of these 
nodules have been prepared. In studying the lithology of New 
Hampshire, Mr. G. W. Hawes, formerly of the Sheffield Scientific 
School, made a section of the centre of a nodule, and observed 
that the biotite is dichroic, that a small portion of muscovite and 
some quartz are present. No nucleus was apparent, but a con- 
centric arrangement of the mica scales, which he considered to 
be the basis of the formation of the inclusion. (Geology of New 
Hamp., vol. 3, pt 4, p. 203.) On account of the limited observa- 
tions of this peculiar formation, I attempted to prepare some 
sections of the internal structure. Of these, two were through 
the centre, and parallel to the longitudinal axis. These show 
that the biotite is in concentric layers, with grains of quartz scat- 
tered irregularly through it. No feldspar is present. These 
layers of biotite are made up of flakes or long bands. Along the 
thin edges they are of a light brown color, while the thicker 
masses are dark. The flakes are of different sizes respecting 
length and width. They are arranged very much like the scales 
ona fish. The biotite constitutes the greater part of the surface. 
It forms fully four-fifths, and doubtless even more in some cases. 
The quartz is remarkably translucent and very distinctly vitre- 
ous. During the grinding process, frequent observations with a 
lens indicated that the quartz increases in abundance towards 
the centre. 

Several transverse sections parallel to the lateral axis were 
attempted, but the brittle nature of the biotite prevented success. 
This, it is thought, may be accomplished by hardening a specimen 
in shellac dissolved in alcohol. Sections through other portions 
of the nodule denote the laminated structure of the biotite. 
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The Relation of the Nodule to the Rock Mass.—The line of 
contact between the inclusion and the including rock is not always 
distinct. But it is possible to extract the former with compara- 
tive ease. The remaining cavity, however, is usually lined with 
biotite, which, adhering to it rather than to the nodule, indicates 
that the inclusion was originally formed from the rock mass. 
Sections across this line of contact, show considerable quartz and 
a small quantity of biotite. These minerals are apparently inter- 
locked, further denoting that the biotitic mass belongs to the 
surrounding rock. 

General Conclusions.—First, concerning the nodules: These 
are not micaceous rolls, for their structure internally shows dis- 
tinct bands. Nor are they concretions, for no nucleus is observed. 
But they are masses of flakes of biotite cemented with quartz, 
abnormally segregated from the original granitic mass. These 
flakes, although originally concentric, were afterwards arranged 
radially, hence producing the nodular form. (Dr. Zepharowich, 
Mineralogical Lexicon, Austria, p. 59.) 

Second, concerning the granite: The presence of these nodules 
indicates the igneous origin of the granite. Were the original 
mass in aqueous solution, the material would have been evenly 
distributed, and the nodules could not have occurred. Were it 
of metamorphic origin, the nodules would scarcely be so uniform 
in outline and microscopic appearance, but would be more or less 
contorted. ‘These nodules denote a state of fluidity of the entire 
mass which resulted from igneous agencies. While in this fluid 
condition, the nodules first formed, and were enclosed by the 
surrounding mass. This is sustained by the wrinkled and folded 
surface of the nodules, which doubtless was occasioned by the 
contraction of the surrounding mass as it cooled. 

The fact that biotite is a frequent constituent of igneous rocks, 
has its influence in sustaining the igneous origin of this granite. 
This is also sustained by the investigations of local phenomena. 
(Geology New Hamp., vol. 1, p. 538.) 

The inclusions at Craftsbury are unique in type, differing from 
those of all other localities. 

These observations may be modified by further investigations, 
but it is hoped that they may elicit an extended interest in the 
subject. 

Appendix.—Since the preceding pages were written, my atten- 
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tion was directed to inclusions in certain flaggings in Philadel- 
phia, on Chestnut Street above Third Street, and on Filbert Street 
above Thirteenth Street. It was desirable to trace the localities 
of these rocks. 

By the assistance of the City Commissioner of Highways, and 
the dealer who furnished the stone for the Chestnut Street pave- 
ment, the locality was ascertained to be Connecticut or Maine. 

The doubt in the case arises from the fact that the stone was 
furnished about twenty-five years ago, no record of its locality 
was kept, and the dealer is unable to recall with any degree 
of certainty the exact location. The granite in external charac- 
ters closely resembles that of New London, Conn., as well as that 
of Sullivan, Maine. Hence this feature is comparatively valueless 
in the determination. But the resemblance of the inclusions to 
those in the Sullivan granite, favors the view that this location is 
the home of the Chestnut Street flags. 

These inclusions are not numerous, nor regular in size and 
outline. They are made up of biotite, are elongated elliptically, 
frequently terminating in acute points. The length is eight or 
ten inches, and the width two or three inches. These masses 
blend into the surrounding rock, without affording any distinct 
line of separation, hence suggesting that their extraction would 
involve considerable difficulty. That these were produced in a 
way similar to those of Craftsbury, is apparent from external 
observations, and doubtless sections of the internal structure 
will sustain this supposition. 

No evidence was obtained concerning the locality of the Filbert 
Street rock. Its worn condition denotes along period of service. 
These inclusions tend to detract from the value of granites, as 
they afford an easy access for destructive agents (moisture, frost, 
heat), and bence such granites having a limited use, are not apt 
to be seen along public thoroughfares. 
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METHODS OF DEFENSE IN ORGANISMS. 
BY CHAS. MORRIS. 


Some weeks ago I presented a paper on this subject to the 
Academy. I wish to add a few suggestions to the considerations 
there taken, and particularly to speak of the evolution of the 
sponge, considered from the point of view of defense. As is 
well known, the sponge type of organism is one that it has 
proved difficult to classify, since it only partly conforms to the 
type of the Ccelenterates, while it is widely divergent from any 
other animal type. I may briefly point out these divergent 
features. 

In all other animals above the Protozoans, except those para- 
sitic forms which are destitute of an intestine, the mouth isa 
single aperture, which constitutes the main opening into the 
body. In the sponge type this single aperture is replaced by a 
multitude of minute openings, in connection with a single large 
anal opening. In one other respect the sponge is different from and 
more simplified than other animal types. Its digestion is 
entirely cellular. It has developed no organ answering to the 
stomach of other types. 

The sponge is, moreover, destitute of any organs of offense or 
defense. Its nearest relatives, the polyps, have their tentacles 
and thread-cells, in connection with a single aperture, which is 
both oral and anal in function, and with a digestion which is 
intermediate between the cellular and the stomachal methods, 
and can be properly classed with neither. 

The method of obtaining food, by the aid of water currents, is 
not peculiar to the sponge. It may be found in other animal 
types, such as the bivalve mollusks, the Tunicata, Amphiozus, 
etc. But in the sponge it is far more simplified than in these 
higher forms. In the case of the mollusks, the water current is 
confined to the branchiz, and only its food particles are taken 
into the intestine. In the Tunicates and in Amphioxus respira- 
tion is intestinal, but the water current is confined to the 
branchial half of the intestine, while its food particles enter the 
stomachal half, where they undergo digestion. In the sponge 
the water currents permeate every portion of the body, and 
respiration, as well as digestion, is a function of the separate 
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cells. Thus the most interior regions of the organism are 
visited by this water current and its contents. 

Of all animal types, therefore, that of the sponge is least pro- 
tected by defensive appliances. There is nothing in the make-up 
of the organism to prevent enemies from entering and penetrat- 
ing to every portion of the body. They cannot be confined to 
an intestinal tube, and exposed to the action of its digestive 
juices, as in most organisms, but the whole interior of the body 
is open to assault. 

Yet the evolution and long-continued existence of the sponge 
type is evidence that it has possessed some defensive adaptation. 
This adaptation, in its original phase at least, I take to be the 
peculiar system of inhalent and exhalent apertures. It is evident 
that the entrance of the water currents at the large aperture 
would greatly facilitate the entrance of the foes of the sponge, 
since they would be drawn from a distance and carried into the 
body on these currents. As it is, the currents enter at minute 
apertures, only adapted to the passage of microscopic food par- 
ticles, and closing completely when not in use. The spicules 
may also act defensively, to prevent any larger creature from 
forcing an entrance at these oral apertures. 

On the other hand, there is a strong current of outflow from 
the large aperture, well adapted to drive away the foes of the 
sponge, unless possessed of considerable swimming power. In 
this fact we seem to have an explanation of the peculiar organi- 
zation of the sponge. The primeval ancestors of the Ccelen- 
terates probably developed in two directions. In one type tenta- 
cles and thread-cells appeared, the oral opening was defended, 
and the internal cavity took on the function of an incipient 
stomach. In the other type the simple gastrula form was 
retained, and water was drawn in by ciliary action through pores 
in its cellular wall, and discharged at the mouth opening, after 
yielding its food particles to the individual cells. Thus a multi- 
tude of minute currents were combined into a single protective 
outflowing current of considerable strength. 

This formation seems beneficial to the sponge from an aggres- 
sive as well as from a defensive point of view. The extension of 
the oral apertures over the whole surface of the body very con- 
siderably increases the water space from which food particles are 
drawn in, and thus may add materially to the food supply. As 
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the microscopic creatures which serve the sponge for food are 
somewhat thinly disseminated, this extension of the space swept 
by the inflowing currents is certainly an advantage. 

These remarks, however, are intended to apply principally to 
the primitive sponge. In the earliest stage of this type of 
organism it probably lacked the spicular and fibrous defenses 
now possessed, and was but a step above the simple gastrula. At 
this remote era, however, it is probable that muscular action had 
not yet been evolved, and that cilia formed the only agents of 
animal motion. Against creatures swimming by aid of cilia the 
water current of the sponge must have been fully efficacious as a 
defense. The development of the fibrous framework, and of 
the pointed spicules, was probably a subsequent adaptation to 
meet new dangers, after muscular organs of motion had been 
evolved. At present prowling animals have no difficulty in 
making their way to the interior of the sponge. The spicule is 
now probably its most efficient defense, and the continued exist- 
ence of the sponge type shows that it is sufficiently defended 
against such animals as might seek to prey upon its protoplasmic 
substance. 

I may offer, in conclusion, a further application of the hypoth- 
esis presented in my former paper. The interaction of attack 
and defense presents a feature of distinction between animals and 
plants, in addition to those usually recognized. This distinction 
I may briefly indicate. 

If we consider the defensive appliances of animals from a 
general point of view, they may be reduced to two categories. 
They are either mechanical or motor. These exist together, but 
to the extent that the one method is developed, the other remains 
undeveloped. If we take such an animal as the oyster, for 
instance, we find that its defense is almost wholly mechanical. 
Its only defensive motion is one of withdrawal within the shell. 
If we take man, the defence is almost wholly motor. Scarcely a 
trace of mechanical defense exists. In my former paper I spoke 
also of mentality as a defensive attribute. But the defensive 
action of the mind yields really a motor effect. It simply pro- 
duces more intricate and diversified motions, both in attack and 
defense, than those displayed by unintelligent animals. 

If we examine the whole range of the animal kingdom, we find 
every phase of combination of mechanical and motor defense, the 
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motion growing more sluggish as the defensive armor grows 
more efficient. But in the whole kingdom, motion persists as one 
of the defensive agencies. No animal exists without some power 
of motion, by whose aid it withdraws or otherwise escapes from 
danger. 

In the plant kingdom, on the contrary, no defensive motion 
exists. Mechanical defense exists alone. This does not apply to 
those minute swimming organisms which lie near the root of the 
plant and animal kingdoms. But in all the higher plants no 
motion exists, so far as Iam aware, that is useful as a protection. 
Thus the possession of protective motions by all animals, and 
the lack of them by all plants, serve as a point of distinction 
between the two kingdoms. 

In regard to aggressive motions, this rule does not so fully 
hold good. All animals have aggressive motions. Nearly all 
plants are destitute of them. Yet a few plants possess them. We 
have instances of aggressive motions in the case of the creeping 
Fungi, and of the Insectivorous plants. Yet apart from these 
cases, the plant kingdom seems devoid of motions useful either 
for attack or defense, and trusts wholly to mechanical appliances. 
With the mechanical, however, must be included chemical appli- © 
ances, as in the case of poisonous or disagreeable juices. 

One more query remains. Why, inthe early days of the animal 
kingdom, as known to us, was there such a marked tendency to 
trust to mechanical defense, while in the later era the tendency 
has been towards motion as the main protective agent? If we 
consider the early conditions of animal life, this is not difficult 
to comprehend. There is every reason to believe that the various 
organs of animals were very slowly evolved. In a former com- 
munication I have advanced the hypothesis that the early animals 
were for a long time naked forms, partly, at least, through lack 
of the evolution of glands necessary to produce hard coverings. 
These early animals also moved by means of cilia only, if we can 
trust the evidences from embryology, and from the lower existing 
forms. The development of nerves and muscles was a very slow 
process. The evolution of a form and of swimming organs giving 
high efficiency to muscular action, was probably much slower. 
The early animals possessed of muscles had probably a very 
inefficient motor apparatus, and were very sluggish in their 
movements. With the development of armor-producing power, 
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therefore, this seems to have been very generally employed as a 
defense of the sluggish against such swifter moving carnivorous 
animals as may have arisen. One great superiority of the verte-. 
brate type has always been the superior suitability of its form 
and motor organs to swift movement, and it seems quite likely 
that the great variety of mechanically defended lower forms in 
the early fossiliferous beds, is due to the existence of swift- 
moving antique vertebrates, which were themselves nearly or 
quite destitute of hard parts, capable of preservation. Though 
a later “struggle for existence,” between vertebrates themselves, 
caused the weakest and least active of these to develop armor, 
yet it was succeeded bya general tendency in this type of life to 
discard mechanical defenses, and trust to motion for protection. 
The same has been the case with the actively aggressive members 
of some of the lower types, such as the higher mollusks, which 
have thrown off their armor, and developed other defensive appli- 
ances. 

Throughout the whole history of the organic realm one prin- 
ciple holds good. There has been a continued evolution of more 
rapid and varied powers of motion. To this, every advance in 
organization has tended, while the hindrances to speed and flexi- 
bility have been successively discarded by the higher forms of 
life. In correspondence with this has been the development of 
mentality, since mentality, as outwardly displayed by the animals 
below man, is indicated by a greater intricacy of motions, in 
combination with ambush and concealment. For the attainment 
of the highest possible speed and strength, little mentality was 
requisite, and brain development is manifested rather by intricacy 
than by speed of motion—or rather by that well-ordered correla- 
tion of rest and diversified motion suited to the best good of 
the organism. Yet we must regard mentality as rather the effect 
than the cause of motor evolution. Probably the power of diver- 
sified motion appeared first, while the exercise of any new power 
of this kind acted as an agent in the development of the brain. 
In other words, the evolution of the brain is a consequence of 
that of the body—not the reverse. 
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NEW SPECIES OF PARTULA FROM THE NEW HEBRIDES AND SOLOMON 
ISLANDS. 


BY W. D. HARTMAN, M.D. 


The new species of Partula herein described, are almost all of 
one type. The shells of most species from the Solomon Islands 
are thin, and more or less translucent, with numerous waved spiral 
strie,a compressed umbilicus, a moderately reflected and concave 
lip, and (when viewed through a glass) the embryonic whorls of 
the apex are rounded or dome-shaped. Like other Partule, indi- 
viduals of the different species are often variable, especially in 
the greater or less obliquity of the aperture. These thin shells 
possess so many features in common, that it is often difficult, in 
the absence of illustrations, to frame a diagnosis sufficiently dis- 
tinctive to enable the reader to recognize a species from the de- 
scription alone. I have embraced the present opportunity to 
figure a few species not heretofore delineated, amongst which is 
the lost species, P. rufa, Lesson. 

This shell has been found on the banks of the Lella River, 
Chabroul Harbor, Uhalan or Strong’s Island, by Capt. Brazier, C. 
M. Z.S. I have seen three examples. It is very distinct from P. 
Guamensis, Pfr., with which it has been confounded; the latter is 
an arboreal species from Ponape, one of the Caroline group. 
P. rufa, Less., isa much smaller species than P. Guamensis, Pfr., 
which it resembles in color, contour and texture. Farther explo- 
rations in the New Hebrides and Solomon Islands will doubtless 
reveal many new species of Partula. 


P. similaris, nobis. Plate II, fig. 1. 


Shell dextral, oblong ovate, thin and translucent; whorls 5, 
convex, spire half the length, oblique lines fine and decussated 
by coarse spiral striz, umbilicus compressed ; aperture rounded 
ovate; lip white, color yellowish white, with the apex very pale 
rose. Length 17 mill.,diameter 9 mill. ; length of aperture 6 mill., 
diameter 4 mill. 

Hab.— Woodlark Island, near New Guinea (Capt. Brazier). 

Obs.—For size and contour this shell is near P. Carteriensis, 
Pfr.; it is thinner and less solid, with a more rounded aperture, 
and concave lip. 
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P. perlucens, nobis. Plate II, fig. 2. 


Shell dextral, oblong, ovate, very thin and pellucid ; whorls 5, 
well rounded, body-whorl somewhat inflated, spire more than half 
the length. Suture well impressed, spiral strize numerous and — 
fine, umbilicus compressed, aperture oblique, round oval, lip 
white, concave and moderately reflected. Color a very pale 
green. Length 18 mill., diameter 9 mill.; length of aperture 
9 mill., diameter 4 mill. 

Hab.— Uji or Golfe Island, Solomon Islands (Arboreal). 

Obs.—Compared with P. similaris, herein described, it is a 
larger, thinner and more inflated shell. Capt. Brazier sent me 
two examples, the smaller measured: length 14 mill., diameter 8 
mill. 


P.incurvum, nobis. Plate II, fig. 3. 

Shell dextral, ovate, elongate, thin and translucent, spire 
slender, elongate, more than half the length; whorls 5, rounded, 
suture impressed, spiral strie numerous, subperforate, with the 
umbilicus slightly compressed, columella slightly nodose. Aper- 
ture ovate, very oblique, lip white, moderately reflected and 
concave. Color yellowish white. Length 18 mill., diameter, 
8 mill.; length of aperture 7 mill., diameter 4 mill. Arboreal. 

Hab.—Rubiana Island, Solomon Islands (Capt. Brazier). 

Obs.—This is a distinct species, with a very oblique aperture, 
giving the shell a bent appearance at the middle. 


P. regularis, nobis. Plate II, fig. 4. 

Shell dextral, ovate elongate, thin and translucent; spire half 
the length; whorls 5, rounded, suture impressed, spiral striz 
numerous, waved and very fine, umbilicus compressed, aperture 
direct, lip white, concave and slightly expanded, margins of the 
peritreme connected by a very thin callus. Color yellowish 
white. Length 17 mill., diameter 8 mill.; length of aperture 
8°5 mill., diameter 5 mill. Arboreal. 

Hab.—Savu, Galeria Island, Solomon Islands (Capt. Brazier). 


P. minor, nobis. Plate II, fig. 5. 

Shell ovate, somewhat oblong, thin and feebly translucent, 
spire as long as the aperture; whorls 5, slightly rounded, suture 
impressed, oblique strie coarse, spiral striz obsolete, umbilicus 
compressed, lip white, flat and moderately reflected, aperture 
direct, margins of the peritreme connected by a stout callus, 
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Color a soiled white, apex rufous. Length 16 mill, diameter 
8 mill.; length of aperture 6 mill., diameter 34 mill. 

Hab.—Erromango Island, Solomon Islands. 

Obs.—I possess two examples of this species from Dr. Cox, of 
Sydney, Australia. They were collected by Dr. Turner at the 
above island; it differs from Carteriensis especially in the 
margins of the peritreme approximating more closely than in 
that species. 


P. corneola, nobis. Plate ITI, fig. 6. 


Shell dextral, ovate conic, smooth and polished, corneous, 
translucent; whorls 5, slightly rounded, spire half the length, 
spiral striz numerous, waved and very fine, umbilicus compressed, 
aperture ovate, with a rounded pillar tooth, and a small tubercle 
on the columella, lip thick, white, and almost flat, with the 
margins connected by a callus. Color pale horn, with the apex 
pale rufous. Length 17} mill., diameter 9 mill.; length of 
aperture 7 mill., diameter 4 mill. Smaller example: Length, 
16 mill.; diameter, 8 mill. 

Hab.—Eimeo, Morea? (Mr. Geale). 

Obs.— Several years ago I obtained two examples from Mr. 
Geale, who accompanied Hugh Cuming. This shell is not found 
in the British Museum, or the Jardin des Plantes, and I have 
only met with it twice in private collections. It differs from all 
the Marquesas species with which I am acquainted, and it pos- 
sesses the dome-like apex of the Solomon Island group. 


P. Coxi, Angas MS. Plate II, fig. 7. 


Shell dextral ovate, slightly elongate, thin and translucent; 
whorls 5, rounded, suture impressed, oblique lines of growth fine, 
and sparsely decussated by waved spiral strie; aperture ovate, 
direct, umbilicus compressed, lip reflected, white and concave, 
color yellowish white; apex slightly rufous. Length 15 mill., 
diameter 7 mill.; leneth of aperture 5 mill., diameter 3 mill. 

Hab.— Ysabel Island, Solomon Islands (Capt. Brazier). 

Obs.—This shell was collected at the above locality by Captain 
Brazier, and he has kindly given me a number of examples. In 
1867, Dr. Cox sent me examples of P, pellucida, Pse., for Cox. 
These were pronounced micans, Pfr., at the British Museum, 
causing the error in my Bibliographical Catalogue. P. micans 
is a much larger shell. 
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According to the observations of Capt. Brazier, P. pellucida 
and P. Coxi are arboreal species. My examples were pronounced 
Coxi by Mr. Angas; it is a larger shell than P. pellucida. 


P. Woodlarkiana, nobis. Plate II, fig. 8. 


Shell dextral, ovate, thin and translucent ; body-whorl inflated ; 
whorls 5, rounded, suture impressed, lines of growth decussated 
by numerous waved spiral strie, spire short, columella slightly 
arcuate, wide and smooth, compressly umbilicate, aperture round 
ovate, lip concave, white and moderately reflected; color yel- 
lowish, apex very pale rose. Length 19 mill., diameter 11 mill.; 
length of aperture 9 mill., diameter 6 mill. 

Hab.— Woodlark Island near New Guinea (Capt. Brazier ). 


P. hastula, nobis. Plate IT, fig. 9. 


Shell dextral, elongate,’ oval, hastulate, thin and pellucid; 
spire acute, half the length; whorls 5, slightly rounded, suture 
moderately impressed. Oblique striz prominent, and crossed 
by numerous minute spiral lines. Umbilicus compressed, aper- 
ture oval, more or less oblique, margins of the peritreme con- 
nected by a very thin deposit, lip white, reflected and concave. 
Color yellowish. Length 19 mill., diameter 9 mill.; length of 
aperture 8 mill., diameter 4 mill. 

Hab.—Erromango Island, Solomon Islands. 

Obs.—I am indebted to Captain Brazier for several examples. 
He informs me that Mr. Pease considered it identical with P. 
spadicea, Rve., from which it is certainly distinct; it is more 
elongate and thinner than any known species from this island. 


P. eburnea, nobis. Plate IT, fig. 10. 


Shell dextral, ovate, very elongate, solid. Spire half the 
leneth; whorls 54, oblique striz coarse, spiral strize obsolete, 
aperture a wide oval, more or less oblique ; umbilicus compressed. 
Columella wide above, lip reflected, white and flat, margins of 
the peritreme connected by callus. Color ivory-white. In fresh 
examples sometimes the whole shell is tinged with pale rose. 
Length 26 mill., diameter 13 mill.; length of aperture 11 mill., 
diameter 6 mill. Hab. unknown. 

Obs.—Captain Brazier sent me two examples of this shell, 
given him by a friend; it is larger and more solid than Pfeiffert, 
Crosse. 
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P. proxima, nobis. Plate II, fig. 11. 


Shell dextral, thin, ovate, very elongate, spire half the length; 
whorls 53, surface smooth, oblique lines of growth fine; spiral 
strie obsolete, aperture ovate, oblique, umbilicus compressed ; 
columella wide above, and slightly nodose, lip white and slightly 
concave, margins of the peritreme connected by a thin callus; 
color white. Length 23, width 10; length of aperture 12, width 
6 mill. 

Hab.— Vanna Levu Island, Banks Islands, near the New 
Hebrides. . 

Obs.— Capt. Brazier sent me two examples (weatherbeaten) col- 
lected at the above island by himself in 1865; it has the outline 
of eburnea, nobis, but is a smaller, thinner and more slender shell. 


t+ P. pyramis nobis. Plate II, fig. 12. 


Shell dextral, solid, perforate, spire elongate, acute, longer than 
the aperture; whorls 53, rounded, suture well impressed, surface 
smooth, obliquely striate, fine spiral striz almost obsolete, aper- 
ture a wide oval, slightly oblique, lip white, moderately reflected 
and flat, margins of the peritreme connected by a thin deposit; 
color pale yellow. Length 25, width 13; length of aperture 10, 
width 54 mill. 

Hab.— Vate, Efate, or Sandwich Island, New Hebrides. 

Obs.—I have three examples from Mr. Layard and Captain 
Brazier. They are the size of Macgillivrayi, from Tanna, but 
the spire is more elongate and acute, the whorls more rounded, 
the sutures are deeper, and they want the dark band at the peri- 
phery of that species. 


P. Newcombianum, nobis. Plate II, fig. 13. 


Shell dextral, ovate, rather thin; spire acute, half the length ; 
whorls 5, rounded; suture deeply impressed ; body-whorl some- 
what inflated; oblique lines of growth fine and crossed by 
numerous waved spiral striz, compressly umbilicate; aperture 
very oblique, rounded, ovate; lip white, moderately reflected 
and concave; the outer margin partaking of the color of the 
epidermis; columella wide above; margins of the peritreme 
connected by a thin vitreous deposit; a broad, flat, pillar tooth 
far within the aperture. Color light fawn, with dark brown 
oblique striz, apex dark brown. Length 17 mill, diameter 
11°5 mill,; aperture, length 7 mill., width 4 mill. 
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Hab.—Island of Salisbaboe, one of the Falow Islands, between 
Gilolo and Mindanao, 

Obs.—I received this shell from Mr. Layard, through Mr. A. 
Garrett; in outline and general appearance it resembles some ° 
varieties of P. varia. I have named it in honor of Dr. Wesley 
Newcomb, one of our oldest American conchologists, well known 
for his writings on the allied genus Achatinella of the Sandwich 
Islands. 

P. eximia, nobis. Plate II, fig. 14. 

Shell dextral, ovate, elongate, solid; spire elongate, half the 
length; body-whorl large, sutures well impressed; whorls 
rounded, oblique lines fine, and decussated by almost obsolete 
spiral strie; umbilicus slightly compressed; aperture direct, 
oval; lip white, moderately reflected and flat; columella wide 
above; margins of the peritreme connected by a thin deposit. 
Color of the epidermis a soiled pale green, when separated 
leaving the shell white. Length 23 mill., width 11 mill.; length 
of aperture 11 mill., width 5 mill. 

Hab.—Aneiteum Island, New Hebrides. 

Obs.—I received one example of this fine species from Mr. 
Layard, through Mr. Jno. H. Thomson. 


Partula rufa, Less. Plate II, fig. 15. 

Partula concinna, Pease. Plate II, fig. 16, 

Partula pellucida, Pse. Plate II, fig. 17. 

Partula Layardii, Braz. Plate II, fig. 18. 

Partula (Diplomorpha) De la Touri, nobis, Plate II, fig. 19. 

Shell dextral, solid, short conic; whorls 43, rounded, suture 
deep, body-whorl inflated, almost two-thirds the length, surface 
with coarse oblique striz, umbilicus wide, aperture perpendicular, 
lip white, moderately reflected and revolute, the external margin 
slightly indented, encroaching on the aperture; color of the 
epidermis light brown, color of the aperture dark orange. Length 
20, diameter 14; length of aperture 12, diameter 8 mill. 

Hab.— Aura Island, in the Malo Pass, Santo Espirito Group. 

Obs.—This shell has recently been discovered by Mons. De la 
Tour, an enthusiastic young naturalist, who writes that this little 
island teems with molluscan life. But one other species is known; 
P. (Diplomorpha) Layardii, Brazier, herein figured. It is found 
at Vate or Sandwich Island, New Hebrides. The habits of the 
animals are terrestrial. 
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FEBRUARY 2. 


Mr. Joun H. REDFIELD in the ebair. 


Twenty-six persons present. 


On a Post-tympanic Ossicle in Ursus.—Dr. HARRIson ALLEN 
called attention to an ossicle in the skull of the bear. It is 
situated over the point of junction of the squama and the opis- 
thotic elements as these bones enter into the formation of the 
mastoid. The bone was seen in the skull of young individuals 
only. The species examined were Ursus Americanus, Ursus 
horribilis, and Ursus maritimus. 

The posterior prolongation of the tympanic elements which 
are so conspicuously developed in Mephitis and Tavidea are 
absent in Ursus. It is every way probable that the new element 
described is a member of the tympanic series, but instead of 
being found in the space between the mastoid and the paramastoid 
it is placed at the tip of the bones which enter into the composi- 
tion of the mastoid. The name post-tympanic is accordingly 
proposed for this bone. 


FEBRUARY 9. 
Mr. Epw. Ports in the chair. 


Seventeen persons present. 


FEsrRuARY 16. 


Mr. Tos. MeenAn, Vice-President, in the chair. 


Nineteen persons present. 

The following papers were presented for publication :— 

“On the Minute Structure of Stromatopora and its allies,” by 
Dr. C. Rominger. 

“On the Problem of Reversed Vision,” by Charles Morris. 


FEBRUARY 23. 
The President, Dr. Lxrpy, in the chair. 


Twenty-four persons present, 
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An Extinct Boar from Florida.—Prof. Lripy exhibited a spe- 
cimen consisting of two fragments of a tooth, which together are 
over three inches long, and form the greater portion of the worm 

extremity of a 
aaa lowertusk, with 
: ‘ the point bro- 
eee. 8, ken off, appar-: 
: % ently of a huge 
‘ suilline animal. 
\ The fragments 
were mingled 

with other small 

ones of tusks of 

Pp) Mastodon flori- 
danus, recently 

collected in Flo- 

rida. The spe- 

cimen nearly ac- 

cords in shape 

with the corres- 

: ponding part of 
\ the tusk of the 
‘ hog,but approx- 
x imates in pro- 
\ portionate size 
\ that of the hip- 
\ popotamus. The 
‘\ worn surface in 
‘ the entire tooth 
has been about 

three inches 

long, and is an 

inch wide. Thin 

1 enamel invests 
the tooth, ex- 


Fra. 1—Posterior view of the right lower canine tooth; a, worn cepting on the 
surface; b, broken surface; c, enamel. posterior sur- 


Fie. 2.—Transverse section of the same face, as in the 


hog. Near the broken base of the specimen in one position, extend- 
ing a short distance from the post-external border, the enamel is 
defined by a sinuous edge, and appears to show that it ceased 
about four inches from the point of the tooth, instead of extend- 
ing the whole length of the tusk as in the hog. The anterior or 
internal, and the posterior surfaces of the tooth are transversely 
convex, ‘and the external surface is convex and slightly flattened. 
In transverse section the tooth is ovate, instead of triangular as 
in the hog, the inner pole forming the ‘shar p edge of the worn 
surface. The surfaces of the tooth are smoother even than in 
the hog, being less marked by longitudinal striz and transverse 
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lines of growth. They show no trace of the fluting in the tusk 
of the hippopotamus, nor of the strong external ridge of the 
peccary. The specimen is nearer in character to the tusk of the 
hog than that of any other related animal, but is sufficiently dif- 
ferent to render it probable that it may pertain to another genus. 
No undoubted remains of the genus Sus have yet been discovered 
in America, and the same is the case with the genus Hippopol- 
amus. The peccary appears to be the American representative 
of the hog. The fossil may provisionally be referred to a new 
genus, related with the latter, with the name of Husyodon, dis- 
tinguishing the species as HUuSYODON MAXIMUS. 

The transverse diameter of the section of the tusk, about three 
inches from the point, is an inch and two-thirds ; and the fore and 
aft diameter an inch and a quarter. 


Caries in the Mastodon.—Prof. Lrrpy directed attention to a 
specimen consisting of the posterior portion of a last upper 
molar tooth of the Mastodon, which he had attributed to a spe- 
cies under the name of MW. floridanus. It is remarkable from 
the circumstance that it apparently exhibits the result of caries, 
a condition of which he had never previously observed an instance 
in extinct animals. The supposed caries appears as an irregular 
excavation immediately above the crown of the tooth, about four 
lines in depth. The mouth of the cavity is elliptical, extending 
one and one-fourth inches transversely, and one-fourth of an inch 
vertically. The surface of the cavity appears irregularly eroded. 


F. L. Harvey and Miss Mary A. Campbell were elected 
members. 
The following were ordered to be printed :— 


1886.] NATURAL SCIENCES OF PHILADELPHIA. 39 


ON THE MINUTE STRUCTURE OF STROMATOPORA AND ITS ALLIES. 
BY DR. C. ROMINGER. 


I had only recently the opportunity of reading the joint essay 
by Prof. Alleyne Nicholson and Dr. F. Murie on the structure 
of Stromatopora, published in 1879, in the Journal of the Linnean 
Society of London. The communication treats for the most part 
to the structure of the Stromatoporas found on the American 
continent. 

As I had paid attention for a number of years to the study of 
Stromatopora and had gathered extensive collections of them in 
most of the localities from which the type specimens described 
by these authors came, I had no difficulty in identifying the forms 
they had under consideration. While I was enabled in this way 
to confirm the correctness of some of their observations, I found 
that in other instances they labored under erroneous conceptions, 
partly because their material was insufficient, partly because they 
did not recognize the things as they actually were. 

Of most of the forms described by them and of a number of 
others I had over fifteen years ago worked out descriptions, 
accompanied by sixteen plates of magnified photographic figures, 
intending to have them published under the auspices of the 
Smithsonian Institution. Those to whom the paper was referred 
for examination, however, reported adversely, in view of the recent 
publication of Baron v. Rosen’s monograph on Stromatopora and 
the undesirability, as they believed, of issuing so many plates 
with such a comparatively small amount of text. 

Messrs. Nicholson and Murie commence with an historical expo- 
sition of the different opinions held by writers on the nature and 
affinities of Stromatopora, and after discussion of the arguments 
for and against such opinions, they declare themselves with some 
reserve in favor of the most popular of them, which was also held 
by Goldfuss, the founder of the genus, that is to say, they think 
the nearest relationship of Stromatopora is with the sponges having 
a calcareous skeleton. The authors think they have recognized 
in Stromatopora systems of channels destined for the circulation 
of water to and from the organism, analogous to those permeating 
the mass of sponges ; but we shall see hereafter that these supposed 
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water-channels are not a part of the organism, and prove on 
accurate examination to be either accidental perforations of the 
skeleton by boring animals, or else, are the stems of certain corals, 
particularly of Syringopora, which have grown up simultaneously 
with the Stromatopora, parasitically enveloping them. 

At the time I wrote the before-mentioned manuscript I also 
believed a close affinity existed between the sponges and Stro- 
matopora, but since Carter and others have pointed out the simi- 
larity existing between the calcareous skeleton of Hydractinia 
and Stromatopora I am convinced that the similarity between the 
calcisponziz and Stromatopora is merely an external one. The 
mode of growth and organization of the sponges essentially differs 
from that of Stromatopora. The sponges are through their entire 
mass permeated by a system of channels systematically arranged 
so as to make it evident that all parts of the sponge are destined 
to perform simultaneously a vital function in the compound organ- 
ism. There is nothing in their structure which could with pro- 
priety be compared with the uniform periodicity in the growth of 
a Stromatopora, which forms layer after layer in endless succes- 
sion, one being the exact analogue of the other. The layers in 
many instances are almost entirely shut off from communication 
with the subjacent portion of the laminated skeleton. We have 
to infer, therefore, that the live portion of a Siromatopora was 
confined to the uppermost superficial strata, while the interlaminar 
cell-spaces towards the interior gradually were abandoned and 
became dead portions of the skeleton, as is the case with the skel- 
etons of Hydractinia, and generally with all true corals produc- 
ing a calcareous stony skeleton. 

In a second chapter the authors give the characteristics of 
Stromatopora, considering as type of the genus the Goldfussian 
species Str. concentrica and polymorpha, both found in the Hifel, 
Germany. 

Their description reads: ‘“‘ Stromatopora is composed of a suc- 
cession of thin, close-set laminze, arranged concentrically round 
one or more imaginary centres. These concentric fundamentally 
horizontal laminz are separated by interspaces, which are crossed 
by more or less numerous vertical pillars; hence the vertical sec- 
tion of a Stromatopora exhibits a number of approximately hori- 
zontal layers and intervening spaces, the latter divided by upright 
pillars into a number of vesicular compartments, The entire lami- 


1886. ] NATURAL SCIENCES OF PHILADELPHIA. 41 


nated mass has sometimes grown as an incrustation of a central 
nucleus, a shell or coral; other times it forms a more or less thick 
expansion with a small point of attachment, and otherwise a free 
underface covered by a wrinkled dense epithelial crust.” 

After this, in a general way correct description, they discuss 
the original nature of the hard structures of Stromatoporoids, 
which in fossilized condition are found calcareous, other times 
siliceous, or partially calcareous and partially siliceous ; and demon- 
strate the originally calcareous nature of the ske.eton of Stroma- 
topora particularly by the circumstance that the specimens of 
Stromatopora are always found in a calcareous condition, when 
the associated fossils are likewise calcareous; but if the associated 
primitively calcareous fossils are to any large proportion silicified, 
then also the skeletons of Stromatopora are found more or less 
completely silicified. The various modes of preservation are 
then “enumerated: a, skeleton wholly calcareous; 0b, skeleton 
calcareous, interlaminar spaces infiltrated with silica; c, skeleton 
silicified but the interlaminar spaces infiltrated with calcite; d, 
both former conditions of preservation represented in one and the 
same specimen; e, both skeleton and interlaminar spaces trans- 
formed and filled with silica. 

Entering into description of the more minute particulars of the 
structure of Stromatopora the writers state that of the before- 
mentioned pillars not all reach from lamina to lamina, but that 
rudimentary shorter ones occur between. The pillarsand lamin 
are represented as composed of granular carbonate of lime, which 
shows no structure, except occasionally an indistinct indication 
of reticulation. According to my own observation, in all well- 
preserved calcareous specimens of Stromatopora, the substance 
of the laminz and of the pillars, being composed of a network of 
interwoven delicate fibres, can be recognized with the greatest 
distinctness, with a good simple lens, although not so distinctly 
with the higher powers of a microscope, both the organic structure 
and the crystalline mineral structure then becoming visible, thus 
causing a blurred image. 

The pillars are described as either simple rounded prominences 
or else as vermicular and anastomosing crests which are imperfor- 
ate, solid, not tubular. The writers, however, observed on the 
surface of weathered silicified specimens sometimes a part of the 
exposed pillars perforated by a central opening, which they try 
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to explain by an incomplete silicification of the central portion 
of these pillars and by subsequent lixiviation of the unchanged 
calcareous centre on exposure to atmospheric influences. 

I have, likewise, frequently observed a central perforation of 
cross-fractured pillars in calcareous, as well as in silicified speci- 
mens, but while I perfectly agree with their representation of the 
pillars as generally being solid, not tubular, I do not think that 
the central perforation of the pillars in the mentioned cases is 
the result of weathering of the imperfectly silicified skeleton 
substance. I believe it is caused by funnel-shaped inflexions of 
the lamine at the base of these pillars, which excavation shows 
itself as a central opening, if the apical part of the pillars which 
is solid is broken off. 

The laminz of some forms of Stromatopora, such as tuberculata, 
and granulata of Nicholson, are described as continuous leaves, 
without any visible perforations placing the superimposed inter- 
laminar spaces incommunication. It may be suggested that such 
openings of communication may exist. I had frequently occasion 
to observe this to be the case, although, in many instances, the 
laminze of these species of Stromatopora appeared perfectly free 
of larger perforations than the minute pores of the tissue itself. 

In other forms, such as Strom. nodulata, and densa, the exist- 
ence of such larger openings for communication between the 
superimposed interlaminar spaces has been recognized by the 
writers. 

According to my own observations, a part of these pores of 
communication, and at the same time the largest ones, can be deter- 
mined to be portions of the ramified horizontal channel expansions 
radially converging towards certain centres, and uniting there in 
one larger central canal, ascending vertically. These horizontal 
canals in their extension slowly ascend from one interlaminar 
space into another. They have, as Messrs. Nicholson and Murie 
correctly observed, no proper walls, and cannot be considered as 
canals horizontally intersecting the substance of the lamine, but 
with more propriety are described as furrows on the surface of 
the lamine, which, finally, by the formation of a new lamina above 
the older one, become roofed over and are transformed into closed 
tubular spaces. This opinion I fully indorse. 

All Stromatoporas do not exhibit such radical channel expan- 
sions well developed, but faint indications of radially arranged 
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furrows converging to certain centres can be discovered in almost 
every form of Stromatopora if we examine a sufficient number of 
well-preserved specimens. Certain forms show them always most - 
beautifully, particularly those in which the tissue of the lamellz 
and the piilars has an open porous texture, which increases their 
bulk, and diminishes the size of the interstitial spaces propor- 
tionately. These forms have been pointed out by Winchell under 
the generic name of Cenostroma, which distinction is not accepted 
by Messrs. Nicholson and Murie, as the principal generic charac- 
ter of Canostroma is said to be the occurrence of the radial 
channel expansions which, being present in forms of very different 
affinitives, cannot, in their opinion, be used as a generic mark. 
This is, in one way, true; but if we consider that the forms com- 
prehended under Cenostroma are distinguished not only by their 
radiated surface, but by the before-mentioned bulkiness of their 
lamine and pillars, and the minuteness of the interlaminar cavi- 
ties, from the ordinary typical forms of Stromatopora, which have 
compact, well-defined laminz and pillars, I think these two 
characters combined allow a subdivision of Stromatopora into 
two groups, which at the first glance are distinguishable by even 
an inexperienced observer, although, as I admit, numerous tran- 
sitory grades from one group to the other exist, which make it 
difficult to draw a line of demarkation between them. 

The characters by which Prof. Nicholson distinguishes Stylo- 
diclyon from Stromatopora most assuredly stand on a weaker basis 
than those of Winchell’s Cenostroma, as I will demonstrate here- 
after when Messrs. Nicholson and Murie’s newly created genera 
are reviewed. 

After having described these radiating horizontally expanded 
channels, the authors give a description of certain so-called 
vertical waier canals, observed in many different forms of Stro- 
matopora. 

There are two essentially different kinds of such canals verti- 
cally traversing the laminated masses, and considered by the 
authors as parts of the organism. In one of the cases we find 
the mass of the Stromatopora perforated by comparatively large, 
generally round, but sometimes elliptical canals, which have no 
walls for themselves, and are evidently perforations by boring 
animals. The nature of the channels and their totally irregular 
distribution in the masses, proves this in a large number of spe- 
cimens examined by me. 
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As representing this kind of channels, or oscula, as they term 
them, the authors mention the following forms: Stromatopora 
striatella, Hindet, tuberculata, ponderosa, and ostiolata. In the 
first four mentioned forms, the true nature of these perfora- 
tions is without difficulty demonstrable. In S¢. ostiolata, of which 
specimens from Guelph, Canada, are transformed into a coarsely 
crystalline dolomite, the organic structure of these masses can 
scarcely be ascertained, and it is impossible to decide definitely 
on the nature of the tubular casts traversing them. One of the 
other examples mentioned, the so-called Stromatopora Hindet, is 
unfortunately selected, as it is in reality an Alveolites, perforated 
by some boring animal. The figures and description given leave 
no doubt as to this point. Similar silicified specimens are, more- 
over, not rarely met with in the Niagara group of Michigan. 

The second kind of vertical tubular channels supposed to have 
the function of conducting water through the organism of Stro- 
matopora has distinct walls with imbricating wrinkles of growth 
on the outside, and frequently from their interior a circle of 
longitudinal rows of spinules projects; more rarely invaginated 
funnel-shaped diaphragms interrupting the tube-channels can be 
observed, all of which proves that we have before us inclosed 
stems of a Syringopora and not canals making part of the skele- 
ton of the associated Stromatopora. Specimens of each are quite 
abundant in the Devonian strata of Michigan, Ohio, Kentucky, 
and Canada. Some pebbles found on the shore of Lake Superior 
represent the same parasitical investment of clusters of Syringo- 
pora stems on Stromatopora. 

In the Niagara group we also find various kinds of Stromato- 
pora similarly intergrown with stems of a delicate Syringopora, 
which I have described in the Michigan Geological reports under 
the name Syringopora filiformis. In other cases we find colonies 
of Diphyphyllum multicaule invested in the same way by Stroma- 
topora. 

In this connection also Stromatocerium of Hall is cited by the 
authors as an example of the first class of vertical water canals, 
without any proper walls. Ina chapter headed “Departures from 
the Ordinary Type of Stromatopora,” as the first of these, Stroma- 
tocertum is enumerated, and the following description given: ‘It 
has the general aspect of Stromatopora, and possesses crowded con- 
centric lamine characteristic forStromatoporoids. Thelamine are 
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of considerable thickness, and are separated as usual by well- 

marked interlaminar spaces, but the latter are quite open, and 

there is a total absence of the vertical calcareous pillars which - 
occur in the normal Stromatoporoids; but the whole mass is per- 

forated by innumerable vertical canals, which are destitute of 
walls, and open directly into the successive interlaminar spaces 

which they penetrate, as well as into open irregular lamine in 

the general laminated skeleton.” 

This is an erroneous conception of the structure of that family, 
as these supposed tubules are in reality casts of actual solid 
tissue pillars which vertically intersect the laminated mass, some- 
times without interruption in the different intersected layers, 
sometimes in each band (consisting of a group of subordinate 
delicate layers), these pillars start anew from a fresh basis. 

The ordinary mode of preservation of the fossil has generally 
impaired the original organic texture of the skeleton, which 
became almost totally destroyed, and the space occupied by tissue 
mass filled with transparent crystalline carbonate of lime, while 
the former vesicular interlaminar interstices were replenished 
with turbid, milky dolomite. Sections through such specimens 
in vertical direction, show the transparent casts of the tissue 
pillars as tubular channels, and in horizontal sections the same 
appear to be circular orifices surrounded by a massive interstitial 
wall substance, 

Silicified specimens occasionally occur in which the interlaminar 
spaces filled with silica are the only part preserved, while the 
‘actual skeleton has been removed by solvents, and the space once 
occupied by it remaining hollow, we then see the mass intersected 
by innumerable small circular channels. 

I had the good fortune to find in the drift of Ann Arbor some 
caleareous specimens in which the original tissue mass is pre- 
served, represented by a non-transparent, dull, calcareous matter, 
while the cellulose interlaminar interstices are replenished with 
clear, transparent carbonate of lime. 

They consist of a succession of thick, concentrically superim- 
posed, undulating and monticulose layers from two to six milli- 
meters in thickness, which are generally demarkated from 
one another by darker colored division lines of greater density 
than the remainder of the lamina. Each such larger lamina 
represents a certain uninterrupted period of growth during 
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which, beginning from a solid basal leaf, densely crowded with 
papillose prominences, delicate versiculous plates are formed at 
short intervals, connecting into a floor which bridges over 
the tops of these papilli, which are prolonged until another 
floor spreads over their apices, and until from six to twelve of 
these subordinate laminz had formed, inclosing between them 
versicular cell-spaces. Then after an evident interruption in the 
uniform progress of growth, a new one of the larger layers com- 
posed of subordinate laminz, commenced to form on top of the 
other. The pillars intersecting the laminz subordinate to a larger 
bandlike layer form uninterrupted columelles which usually 
correspond with those of the next succeeding layers or bands. 
In other cases, however, the columellz or pillars of each one of 
the thicker compound lamine are independent in their position, 
and do not correspond. Some of these pillars are often much 
stouter than the others, and divide into several mammiform side 
branches. The majority of them are simple, rounded, or later- 
ally compressed into vermicular crests, particularly so in the 
circumference of the monticulose prominences of the surface, 
where these crests radially converge towards the centre, resem- 
bling the horizontal radially converging channel expansions of an 
ordinary Stromatopora, but in this case it is the tissue-mass, and 
not the intervening furrows, which produces the vermicular 
radiating converging lines. The interstitial cell-spaces inclosed 
between the convex transverse leaflets bridging over the space 
from pillar to pillar, are very similar to the convex vesicules in 
a vertical section of a Cystiphyllum. As above stated in the 
majority of specimens occurring abundantly in the Trenton 
group of Escanaba River, and at Nashville, Tennessee, and 
also in the drift of Ann Arbor and in the upper part of the 
Cincinnati group at Madison, Indiana, the actual skeleton sub- 
stance is almost completely destroyed, and its place filled with 
crystalline carbonate of lime. It often occurs that several of the 
thick bandlike layers are composed of a succession of vesiculose 
layers twice or three times the size of the vesicules composing 
other layers of the same specimens. In this case the vertical 
pillars become very obscure, so that the whole appears as an 
indiscriminate accumulation of vesicules as large as those of an 
ordinary Cystiphyllum. 

The surface of Stromatocerium was not known to Messrs. 


1886. ] NATURAL SCIENCES OF PHILADELPHIA. 47 


Nicholson and Murie. I have seen many specimens with a sur- 
face covered by rounded monticules similar to those of Stromato- 
pora monticulifera, Winchell, and the tops of these monticules - 
radiated by the convergence of the before-mentioned compressed 
vermiform crests representing the pillars of an ordinary Stro- 
matopora. I had photographic representations of such natural 
surfaces on the plates pertaining to my old manuscript essay on 
Stromatopora, besides figures of vertical sections which exhibit 
the structure better than any description can do it. 

As a second aberrant form of Stromatoporoids the authors 
pointed out a form to which they gave the name Pachystroma. 

The type form occurs in the Niagara group and is described as 
consisting of subhemispherical masses formed of a concentric 
succession of very thick laminz from one to two lines in diameter, 
which are in direct contrast, not separated by inter-laminar 
spaces except occasionally by narrow irregular intervals, conse- 
quently there are also no radial pillars. Under the microscope 
the great laminz are formed of an indistinct porous calcareous 
tissue principally composed of irregular vertical fibres placed at 
some distance from one another, and only clearly brought to view 
by the use of polarized light. Numerous delicate but irregular, 
generally remote vertical vermicular tubules without distinct 
walls are said to perforate the mass, but such pores could not be 
discovered on fractured surfaces by the use of a simple lens. 
The surface of weathered specimens also shows radiating branched 
subdermal canals placed round numerous independent centres, 
precisely as in the so-called Canostroma. 

Several figures of sections through Pachystroma are given, 
which, together with the above description, convince me that the 
authors had under observation imperfectly preserved specimens 
of Stromatopora, which occur abundantly in the Niagara group; 
those found in the vicinity of Lockport in calcified condition, 
particularly correspond with the given descriptions. They have 
generally lost the finer structure, but exhibit distinctly a compo- 
sition of concentrically superimposed bands consisting of an 
almost structureless, compact, calcareous mass, cut into thin 
slices, showing under the microscope the above described fibrous 
texture. 

On examination of a good many specimens exceptionally a spot 
may be found in which the structure is better preserved, and in 
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those I can see that each one of the described large, thick laminz 
consists of a number of delicate subordinate lamine, separated as 
usual by minute interlaminar spaces, intersected with pillars. 
In my opinion, therefore, the so-called Pachystroma merely repre- 
sents a certain imperfect state of preservation of several of the 
ordinary species of Stromatopora found in the Niagara group. 
The grouping of the smaller structural elements into broader 
bands is almost universally the rule in Stromatopora. Any ver- 
tical section almost, in which the delicate lamin and interstitial 
spaces alternate through the whole thickness of the mass with 
great uniformity, will, if we direct our attention to it, show a 
grouping of a number of such laminz into one broader, occa- 
sionally narrower bands, discernible by a darker shade of color 
on the junction line of two of such bands. It indicates tempo- 
rary short interruptions in the regularity of the progressing 
growth, as I have intimated previously, while giving a description 
of the structure of Siromatocerium. 

Prof. Nicholson considers also Stromatopora densa of the Hel- 
derberg group as a representative of his Pachystroma, but of this 
form I can most positively assert that its structure does not differ 
in any respect from the typical forms of Stromatopora. 

The specimens before me allow the recognition of the regular 
superposition of laminz, supported by galleries of short, stout 
pillars with greatest distinctness; the orifices of the horizontal 
channel expansions are in vertical sections, rather large, and the 
ordinary interlaminar cell-spaces unusually small, which causes 
the compactness and apparent density of the mass, as compared 
with the open porous appearance of sections of other associated 
forms of Stromatopora, the commonest of which is Stromato- 
pora ponderosa, Nicholson. This latter form I had years ago dis- 
tributed among my scientific friends under the name of Stroma- 
topora tentilis, on account of its most elegant reticulated 
appearance in vertical sections. In this respect it exceeds in 
distinctness any other form of Stromatopora known to me. 

A third group of Stromatoporoids, aberrant from the ordinary 
type, Mr. Nicholson named Clathrodictyon. Tt is distinguished 
from the type form by the flexuose course of the lamellze com- 
posing the laminated section. They are continually turned up 
and downward, the upturned portions representing the vertical 
pillars of ordinary forms of Stromatopora. The interlaminar 
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spaces, therefore, appear as layers of rounded or elongated vesic- 
ules somewhat resembling the tissue of Cystiphyllum on a minute 
scale. Forms of this structure occur abundantly in the Niagara 
group and some in the Devonian strata. 

A generic distinction of these forms, represented in many dif- 
ferent modifications, can, in my opinion, be made with propriety, 
but as intermediate forms occur, in which the lamelle are only 
little disturbed in their straight course by the inflexions repre- 
senting the interstitial pillars, it is difficult to draw a line separ- 
ating Clathrodictyon from Stromatopora. 

Prof. Nicholson’s type form of Clathrodictyon, occurring in 
the Niagara group, is described as forming large cake-like expan- 
sions from one to two inches in thickness centrally, but thinning 
out near the margins. Upper face irregularly undulating and 
exfoliating concentrically round elevated points. Surface smooth. 
Internal structure exceedingly delicate, formed of fine close-set, 
horizontal or slightly undulating laminz, of which about twenty 
to twenty-five occupy the space of one line. Interlaminar spaces 
divided into minute lenticular cells formed by curved inflexions 
of the horizontal lamine. 

Specimens to which, in a general way, this description is ap- 
plicable, are common in the Niagara group of Michigan, Kentucky 
and Iowa, but although a good many hundreds came under my 
observation I could never find one whose structure was so minute 
as to exhibit from twenty to twenty-five laminz on the space of 
one line. The most delicately built among my specimens had not 
over sixteen within the space of a line. 

The form having this delicate structure I had, in my above- 
mentioned essay on Stromatopora, described and figured under 
the name Stromatopora minuta. Its structure does not repre- 
sent the character of Clathrodictyon in its most perfect develop- 
ment, as the lamellz, which by their inflexion form the pillars, 
are not much twisted out of their rectilinear general direction, and 
as a number of pillars are observable in such sections which are 
papillose prominences of the surface of the lamelle, not showing 
any inflexion of the latter at their base. 

Associated with this form are several other forms of much 
coarser structure with from six to eight lamelle within the space 
of one line, which exhibit the clathrodictyon character in much 
more ideal perfection than the type form does. These had been 
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described in my before-mentioned essay under the name of Séro- 
matopora vesiculosa, as their vertical sections appear as an accu- 
mulation of layers of cystose cells, rather than as a succession of 
continuous lamine, separated by interstitial spaces. The demar- 
kating walls of the cells appear in vertical sections as the meshes 
of a net-work bounded by lines diagonally intersecting the direc- 
tion which the lamineze should have if they formed continuous 
leaves. In some of these specimens a banded structure is observ- 
able, whereby from five to eight layers of vesicules are grouped 
together to form a broader band, which then is sharply defined by 
a straight continuous division line from the adjoining similar 
bands above and below it. 

Other specimens of this vesiculose species of Stromatopora 
are found intergrown with stems of Syringopora filiformis, 
sometimes also with stems of Diphyphyllum multicaule, exactly 
in the same manner as in the previously mentioned Devonian 
forms, which have been subordinated by the authors to Cauno- 
pora, supposing the enveloped stems to be part of the skeleton 
of Stromatopora. 

Among the Devonian representatives of his genus Clathro. 
dictyon, Mr. Nicholson describes, under the name C. cellulosum, 
a form which I had in my paper named Stromat. cellulifera. It 
occurs in the corniferous limestone of Port Colborne and else- 
where, in association with another form which I called Str. 
invaginata, but which, it seems, did not come under his observa- 
tion. C.cellulosum is described as growing in irregular expan- 
sions of considerable size, formed of.a succession of horizontal 
lamelle, about four occupying the space of one line, and so 
inflected as to form complete or incomplete partitions, which 
divide the interlaminar spaces into a number of irregularly oval 
vesicules, about three occupying one line. Surface tuberculated 
or granulated; the tubercules occasionally perforated. In the 
specimens found in the same locality the surface, instead of 
being tuberculated or granulated, as above described, is covered 
with roof-like, elongated, laterally uniting crests, forming in this 
way a network, enclosing shallow subpolygonal cell-pits, some- 
what similar to the shallow pits of a minute compound star-coral, 
as the margins of these crests on weathered silicified specimens, 
being of porous texture, appear sometimes crenulated, which 
crenulation increases the resemblance. The other form allied to 
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Clathrodictyon which is not described by Prof. Nicholson, pre- 
sents the weathered surfaces of the silicified specimens, covered 
with very stout rounded conical papilli of almost uniform size, 
about half a millimetre in diameter and twice that distance apart. 
Apices of the not cross-fractured papilli imperforate. In a 
vertical section four or five well-demarkated stout lamella occupy 
the space of two millimetres, which is approximately the same 
as one line. The interlamellar pillars are formed by upward 
flexions of the lamelle, and therefore we see the base of each 
one excavated by an inverted funnel-shaped sinuosity; and as 
the pillars of the successive lamine correspond, the apices of the 
pillars of the inferior laminze become invaginated into the basal 
funnel-shaped excavation of the next ones above, which being 
the case through the whole thickness of the laminated mass, 
makes it appear as if so many vertical columns intersected it 
transversely. This structure was observed by Mr. Nicholson in 
another species of Stromatopora, and induced him to propose for 
it the generic name Stylodictyon. 

The space between these pseudo-columns is bridged over by a 
gently downward curved portion of the lamelle, leaving corres- 
pondingly large elongated interlaminar spaces between them, which 
often are subdivided by arched vesicular plates obliquely and 
irregularly traversing them. The mode of growth of this form 
is the same as that of the former species ; it occurs in thick undula- 
ting expansions, covered by an epithecal crust on the under side. 

An associate of these two forms, which I had named Stroma- 
topora explanata, has been described by Prof. Nicholson under 
the name of Stromatopora tuberculata. Its surface is crowded 
with rather close-set, rounded papilli, somewhat differing in size. 
Occasionally an arrangement of somewhat compressed, elongated 
papilli, in radial order towards certain centres, is faintly indi- 
cated, but rarely becomes obviously developed. The lamelle are 
stout, formed of a compact tissue-mass, in which distant perfora- 
tions are observable, maintaining communication between the 
superimposed interlaminar spaces. Five or six lamellae occupy 
the space of one line, interstitial cell-spaces comparatively large, 
oval or elongated to twice the amount of their height. The 
course of the lamine is generally in straight parallel lines, but 
we can often observe their upward inflection at the base of some 
of the pillars. ‘This produces in vertical sections of this form a 
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considerable resemblance to sections of Clathrodictyon cellulosum, 
whose structure is somewhat coarser, having only four or five 
lamellz within the space of a line, and more ae. 
inflected in order to form pillars. 

Asa fourth aberrant form of Stromatoporoids, a single speci- 
men found in the upper Cincinnati group of Ohio is described 
by the authors, about which I am unable to give an opinion of 
my own, as from the rather vague description I cannot say that 
anything similar ever was under my observation. 

After these expositions, a classification of the different types 
of Stromatoporoids is attempted, and seven generic cadres are 
proposed, most of which had been sketched already in the 
previous chapters. 

These proposed genera are: (1) Stromatopora Goldfuss, com- 
prising all those forms consisting of concentrically superim- 
posed laminz, each lamina separated from the other by a 
distinct interlaminar space, which is crossed by numerous ver- 
tical pillars. In some of these forms are radial, subhorizontal 
canals or surface grooves placed round minor centres, which, 
according to my own experience, are present in almost every 
form of Stromatopora—at least, in rudimentary development. 
In addition to these characters, large vertical canals intersecting 
the laminated masses are described by the authors, which they 
believe to be analogous to the oscula of sponges. I have to 
reject this opinion as erroneous. 

(2). Caunopora Phillips. Type, Caunopora placenta. Repre- 
sentative form of the authors’ Stromatophora perforata. I need 
not enter again into a discussion of the value of this generic 
distinction, as I have previously proved that these forms do not 
represent one organism, but are coral stems, parasitically invested 
with various kinds of Stromatopora, which in the same localities 
grew perfectly free of such enclosed stems, erroneously believed 
to be parts of the organism. 

(3). Clathrodictyon Nicholson, likewise, has been sufficiently 
taken into consideration. ' 

(4). Stylodictyon Nicholson, is represented by two species, St. 
columnare and St. retiforme. Besides the general structure of 
Stromatopora, as special character of this genus, it is asserted 
that a system of vertical columns of dense calcareous tissue per- 
vades the laminated skeleton, The concentric arrangement 
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of the successive lamine and their interstices round these 
vertical columns, is also brought forward as a noteworthy 
circumstance. It is likewise stated that radiating channel 
expansions may be present or not. I had described and figured 
these two forms in my paper, under the name Stromatopora 
Worthent, thinking a division into two species superfluous, as 
insensible gradations from one form into the other exist. 

The columellar streaks, seen to intersect the mass of this other- 
wise typical form of Stromatopora in vertical sections, are pro- 
duced by the repeated abrupt flexions of the lamellz in‘o 
papillose prominences which cover the surface, similar to those 
we observe in many other forms of Stromatopora, as for instance, 
in Str. pustulifera Winchell. 

As in this latter form, the prominences are somewhat larger 
and consequently the flexions are not so abrupt, and as the tissue 
of this form is throughout more compact, we do not observe an 
obvious contrast between the density of the parts corresponding 
with the papillose prominences and the broader downward-curved 
intermediate portions of the skeleton, while in the so-called 
Stylodictyon, the abrupt flexions of the lamellz in the papilli 
into an almost vertical direction, cause the closer approxima- 
tion, and consequently greater density, of these parts than of 
the intermediate gently downward-curved portions of the 
laminated skeleton which have comparatively open, well-defined 
interlaminar cell-spaces contrasting with the denser portions, so 
as to let them appear under the form of vertical columns. 
Examining transparent vertical sections of such specimens, we 
see that the lamellz are not interrupted in their continuity while 
passing across these columellar streaks, and that no additional 
tissue element comes into play, which could be claimed as con- 
stituting the substance of the columelles. On the contrary, 
every portion of these columellar streaks is identifiable either 
as a normal part of the lamelle or of the intermediate system 
of pillars. To mention among the generic characters the 
concentric arrangement of the lamellz and their interstices 
round these columellar centres, appears to me rather superfluous, 
as it is a necessary consequence of the monticulose prominences 
into which the surface is raised. I could invariably observe in 
all specimens of this tribe which came under my observation, 
radial horizontal ducts, which, by the authors, are said to be 
sometimes developed and sometimes not. 
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The structure of the form called Stylodictyon columnare, found 
in the Helderberg limestones of Kelley’s Island, etc., is somewhat 
more compact than we find it in the specimens of the Hamilton 
group named retiforme, but there occur numerous transition 
forms from the compact to a more open, porous structure. In 
the size of the papillose prominences, also, a great variation of 
forms exists. I think, therefore, we could well spare one specific 
name and retain the one J had selected for both varieties jointly, 
Stromatopora Wortheni. 

In the Helderberg limestones of Vernon, Indiana, and at the 
Falls of Ohio, oceurs a form of Stromatopora very similar in 
structure with the former, but with columellar streaks «much 
smaller than in these, measuring only half a millimetre in 
diameter, or little over. Its tissue mass is also more bulky, of 
open reticulated spongious texture plainly recognizable with a 
common hand magnifier. I had given in my manuscript descrip- 
tion and figures of it, under the name Stromatopora granulifera, 
as the papilli on its surface give it rather a granulated than‘ 
papillose aspect, on account of their smallness. Horizontal 
radial ducts are well developed in this form. In it and in the 
former species these ducts unite in more or less distant centres, 
which are totally independent of the papillose prominences of 
the surface, while in many other forms of Stromatopora, as for 
instance, in monticulifera and pustulifera Winchell, the apex of 
each of these monticulose elevations is also the centre of conver- 
gence for such channels. 

Under Nos. 5 and 6, generic descriptions of Stromatocerium 
and of Pachystroma are given, which require no further critical 
comment, as I have on a previous page sufliciently expressed my 
views on the correctness of the emended characteristic of Stro- 
matocerium and of the merits of the distinction of Pachystroma. 

Asa seventh generic form of Stromatoporoids a certain con- 
centrically laminated fossil found in the Niagara limestone of 
Louisville, Ky., has been described by Mr. Nicholson under the 
name WDictyostroma, which has nothing in common with the 
Stromatoporoid tribe, excepting an external resemblance, being 
composed of a succession of laminz separated by large inter- 
stices. The upper surface of these laminze is covered with 
spiniform prominences, part of which are long enough to reach 
the bottom of the superincumbent lamella; others are shorter. 
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These numerous processes vertically intersecting the inter- 
lamellar spaces increase the resemblance of these fossils to 
Stromatopora. Each of the undulating superimposed laminz, 
of not quite one millimetre in thickness, and about from one to 
three millimetres distant from one another, is composed of a 
layer of horizontally prostrate tubules with solid intimately 
united walls, which after some extent in the horizontal position, 
abruptly bend tpward and open on the surface of the laminz 
with oblique compressed orifices bordered on the outside either 
by a sharp lip, or by a vertically rising strong proboscidal pro- 
longation, similar to the pillars on the surface of the lamelle of 
a Stromatopora. The underside of each one of these lamellz in 
the concentric succession, is covered by a wrinkled epithecal 
crust, through which the outlines of the single tubules compos- 
ing the lamella are plainly visible, just as we see it on the under- 
side of foliaceous expansions of Alveolites, and indeed, the 
structure of this fossil in every respect corresponds with the 
structure of Alveolites or Limaria, and has no analogy whatever 
with Stromatopora. 

As the numerous specimens I possess of this fossil were not 
only found in the same locality from which Prof. Nicholson’s 
type specimen comes, but were collected at the same time when 
Rev. Mr. Herzer picked up the specimen now in possession of 
Prof. Orton, of Ohio, I am positive that the objects I have under 
consideration are identical with Prof. Nicholson’s type specimen. 

A very similar concentrically laminated fossil, but on the 
whole of coarser structure, with interlaminar spaces from three 
to five millimetres in width and with very stout intervening 
pillars is not rare in the drift deposits of Ann Arbor. The 
specimens are silicified and the structure of the lamine, as 
being composed of a layer of prostrate tubules, is no longer 
recognizable. The wrinkled epithecal crust on the underside of 
each lamina is, however, still well preserved. The pillars, if 
broken through, exhibit sometimes a central channel; the shorter 
ones, not injured, are imperforate at the apex; some of the larger 
pillars divide into mammiform side branches. There remains 
no doubt in my mind that this and the former Dictyostroma of 
Nicholson belong to the tribe of Alveolites, Limaria, ete. I pro- 
pose, therefore, for them the name of Alveolites stromatoporoides. 

A genuine Stromatoporoid which in its external aspect has 


56 PROCEEDINGS OF THE ACADEMY OF [1886. 


some resemblance to Mr. Nicholson’s Dictyostroma, is found at 
the same locality at Louisville, but the descriptions given by 
Nicholson, and his figures, sufficiently prove that it was not this 
form which served him as a type for Dictyostroma. The rather 
closely approximated laminz are inflected upwards to form stout 
conical pillars with a funnel-shaped excavation at their base, 
as in Clathrodictyon and in Stylodictyon of Nicholson. The 
pillars of the superimposed laminz correspond, and the 
apices of the lower pillars become invaginated into the basal 
cavities of those above, whereby a sort of pseudo-columns are 
formed which vertically intersect the entire thickness of the 
masses, growing in flat expansions and covered with an epithecal 
crust on the underside. A number of other interesting forms of 
Stromatopora occur in the Niagara group, but as my present 
intention is only a review of Messrs. Nicholson and Murie’s 
work, I abstain from their description on this occasion. 
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NOTES ON THE TERTIARY GEOLOGY AND PALEONTOLOGY OF THE 
SOUTHERN UNITED STATES. 


BY PROF. ANGELO HEILPRIN,. 


Eocene of Texas.—In a limited collection of fossils from near 
the northern border of San Augustine Co., Texas, transmitted to 
me for examination by the Texas State Geological and Scientific 
Association, I have been able to determine the following species :— 


Ostrea Alabamiensis. Cardita Blandingi (alticosta). 
Ostrea sellaformis. Crassatella antestriata. 
Ostrea divaricata. Corbula Texana. 

Pecten Deshayesit. Buccitriton altile? (Texana). 
Anomia? Scalaria sp. indet. 


The horizon represented is evidently the “ Claibornian,” the 
deposits probably occupying a position in the “ Jacksonian ” 
area. 

The Nummulitic of Florida.—Prof. G. A. Wetherby, of Cin- 
cinnati, has furnished me with a number of rock fragments ob- 
tained at a locality some six miles southwest of Gainesville, Fla. 
They are interesting as containing, in addition to one or more 
species of Orbitoides, several nearly perfect individuals of Num- 
mulites Floridanus Heilprin, which, therefore, represent the most 
northern locality in the State where the members of this group 
of Foraminifera have thus far been found. They lend further 
confirmation to the views already advanced by the writer as to 
the broad extent of the southern Nummulitie formation, and to 
the relative antiquity of the Floridan peninsula. One consider- 
able fragment of a Heterostegina is also represented in the rock. 

Since the receipt of Prof. Wetherby’s specimens I have been 
favored, through Mr. Joseph Willcox, of this city, with other 
fragments from approximately the same locality, Arredonda, 
Alachua Co., whieh also contain Nummulites Floridanus, Orbi- 
toides, and Operculina rotelia (O. complanata ?). 

Eocene of Kentucky.—Mr. R. H. Loughridge has kindly for- 
warded to me for determination a number of fossils collected by 
the Geological Survey of Kentucky, from the immediate neigh- 
borhood of Paducah. They are mainly in the form of casts in a 
highly ferruginous and fairly micaceous yellow-white sandstone, 
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and in the most part recognizable only in so far as the determina- 
tion of genera is concerned. 
The species are referable to the following genera :— 


Mysia— species probably M. ungulina. 
Leda— species probably L. protexta. 
Leda— species indet. 

Nucula— species probably XV. ovula. 
Turritella— species Turritella Mortoni. 


This is, as far as I am aware, the first notification of the dis- 
covery of marine fossils in the Tertiary deposits of the State. 
The presence of the strongly carinate form of Turritella Mortoni 
fixes pretty definitely the horizon, the Lower Eocene, or that of 
the older Tertiaries of Maryland and Virginia. This is what we 
should have expected to find from the position of the strata. 
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Marcu 2. 
The President, Dr. Lerpy, in the chair. 
Twenty-four persons present. 


Marcu 9. 
Mr. Epw. Potts in the chair. 


Seventeen persons present. 
The deaths of Jesse W. Starr, and of Ward B. Haseltine, 
members, were announced. 


Botanical Notes :—Secretion of Nectar in Libonia.—At the 
meeting of the Botanical Section, on the 8th instant, Mr. THomas 
MEEHAN remarked that the Brazilian Acanthaceous plant, Libonia, 
secreted an enormous amount of nectar at the base of the flowers. 
As the corollas faded, and dropped from the receptacle, the nectar 
would be drawn over the still fresh pistil, and leave it witha 
succession of small globules, the whole shining like a necklace of 
diamonds inthe sun, Ina state of nature, honey-collecting insects 
would doubtless not permit it to accumulate to this extent. 

Production of Nectar in Ornithogalum coarctatum.—This pretty 
species is distinguished by the development of broad sheathing 
stipular appendages at the base of the inner series of three stamens, 
stipular appendages as, following Mr. Worthington G. Smith, 
in a paper contributed to the Horticultural Congress in London 
in 1865, we must feel bound to term them. These appendages 
were closely appressed against the ovarium. Noticing little 
brownish globules projecting above the edges of these appendages 
he was led to examine, and found that nectar was secreted only at 
the base of the stipulate stamens. It was produced in such quan- 
tity as to press upwards and above the edges, as already noted. 
It was of thick consistence, and with the exact odor of honey. 
Above or near the apex of the »varium—at the base of the short 
style—nectar exuded in limited quantity, and this suggested an 
analogy between the morphology of the carpellary leaves and the 
stipular filaments. 

Mr. Meehan further remarked on the production of stipular 
appendages by the petals of flowers as accounted for by Mr. 
Worthington Smith. In one of his earliest contributions to the 
Proceedings of the Academy he had shown that in Magnolia the 
petals were formed by the suppression of the laminal portions 
and the development of the stipules. The petals were indeed 
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modified stipules, not true leaves. The petals of roses were cer- 
tainly modified stipules, and this process of development could 
be traced in many plants. In this species of Ornithogalum there 
is but a slight dilation at the base of the outer whorl of stamens. 
A great advance is made in the stipular development in the 
inner whorl of stamens, where the appendages extend half-way 
up the filament. The three carpellary leaves formed the next 
whorl, and we might reasonably imagine a greater development 
of the stipular energy in a succeeding whorl, and therefore that 
these carpels were also enlarged stipules. An absolute proof of 
this was afforded by one plant, which had the habit of producing - 
some flowers with an union evident from the phyllotaxy, of an 
outer petal (or sepal) with a stamen of the inner verticil. In this 
case the staminoid petal took the shape of the stipule, that is to 
say, it was emarginate, or inversely saggitate at the apex, the fila- 
ment being wholly wanting, and with the anther in the sinus. 

An additional fact of interest connected with this species is, 
that a large number of plants among seedlings, though with sta- 
mens apparently perfectly formed, have wholly sterile anthers. 

Seeds on Depauperite Plants.—A specimen of a grass, Setaria 
viride, was exhibited, not over half an inch high, but which had a 
large number of perfect seeds nearly mature. It was exhibited 
to show that such minute plants might grow and produce seed 
annually for many successive years, the plants each year repro- 
ducing themselves among other vegetation, without any one being 
aware of their existence. When such tracts were ploughed up, and 
plants like this grass get a good chance to develop themselves 
fully, it would appear that there had not been any plant of the 
species growing for years, and the fact used to illustrate the long 
vitality of seeds in the earth. It might be that there was good 
evidence that cases of long vitality were undoubted ; but it served 
a good purpose to point out where error may creep in. 

Of Bracts in Crucifere.—It was an axiom that no true cruci- 
ferze had bracts to the flowers. The double Sweet Alyssum of 
gardens, Koniga maritima, seemed an exception to this rule. The 
lower flowers were always solitary in the axils of the leaves, and 
the leaves were often reduced to mere bracts for a long distance 
up among the flowers. Branches but not flowers in cruciferz 
would spring from the axils of the leaves. An examination of 
these double flowers showed that many had not followed the rule 
in double flowers, by transforming stamens to petals. Some, in 
fact, showed they were arrested branches, with depauperite leaves, 
a solitary petal being produced in the axil of each little leaf. The 
sepals seemed united, and formed a sort of sheath-like bract, above 
which the petal emerged. In this form they appeared as arrested 
spikes. 

The Coronal Disk in Spirea.—TFxhibiting some flowers of 
Spirexa Reevesiana, Mr. Meehan called attention to the elevated 
dise which rose on the inner face of the line of filaments, and 
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pointed out the correspondence in outline of each division with 
the form of the two-celled anther. The inner line of stamens 
were alternate with these divisions, and the whole study led to 
the conclusion that this little crown was composed of the imma- 
ture anthers of abortive stamens. He referred to Acer rubrum, 
and other plants, where, in the abortion of stamens the anthers 
were generally almost fully formed before the development of the 
filament, and remarked that in truly female flowers of this maple . 
there was a course of sterile anthers as in this Spirea. 


Marcu 16. 
Mr. Tuomas MeEenAn, Vice-President, in the chair. 


Sixteen persons present. 


Marca 23. 
The President, Dr. Lerpy, in the chair. 
Twenty-eight persons present. 


Fermentation in Perenji’s Fluid.—Dr. BENJAMIN SHARP re- 
marked that in a bottle of Perenji’s fluid (nitric acid 10 per cent. 
sol. 4 pts., Chromic acid 4 per cent. sol. 3 pts., 95 per cent. 
Alcohol 3 pts.) effervescence was noticed. On shaking the bottle 
and removing the cork the fluid frothed violently, resembling 
very active beer; when the frothing had to a certain extent sub- 
sided, another shaking produced another violent frothing. The 
fluid had been used for hardening chick embryoes, and the portion 
used had been turned back so that a slight sediment was in the 
bottom of the bottle,and from this sediment the frothing seemed 
to originate. The sediment was examined with a high power 
lens, and Bacteria were found in great numbers. They were 
_ probably introduced with the sediment caused by the hardening 
of the organic tissues upon which they lived. 


On the Eye of Pecten.—Prof. Suarp further called the atten- 
tion of the members to the eye of Pecten. In one of his articles 
(On the Visual Organs of the Lamellebranchiata, Mitth. 
Zool. Stat. Neapel, 1884, p. 457), he makes the following asser- 
tion: “The question as to the function of this organ (the so- 
called eye of Pecten) is one of considerable interest. Hickson 
states that a few experiments have been made on this subject, 
concerning the visual power of this animal; he says ‘ It is very 
doubtful whether they (the so-called eyes) are of much value to 
the animal in avoiding its enemies. The most reasonable theory 
of their function seems to be that when in the ebbing tide,a 
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probability arises that they will be left high and dry on the shore, 
they can appreciate the fact by the growing intensity of the light, 
and by that peculiar flapping motion of the valves the Pectens 
are so remarkable for, move away into deeper water.’ This 
theory may at once be set aside when we consider that the Pec- 
tens of the Mediterranean, where we have practically no tide at 
all, a state of affairs that has existed for an exceedingly long 
period of time, have as well developed eyes as those found on 
shores where tides do exist ; and further, it seems hardly probable 
that such a complicated organ would have developed to deter- 
mine for the animal whether it be out of water or not.. . . As 
regards the complicated organ known as the eye, I might suggest 
that, if this be an eye, it is one where we have no true pigmented 
layer in any direct relation to either the nerve or the retina. The 
mass of red pigment and the metallic-like tapetum would hardly 
answer the place of the black choroid coat so essential to the 
eye.” 

Dr. Sharp stated that at the time the above was written, he 
was under the impression that the organ was probably a phos- 
phorescent organ, but he had no proof of it. At Nantucket he 
obtained many specimens of the animal and found that the edge 
of the mantle was phosphorent, and on questioning Dr. Kite, 
formerly of the “ Fish-Hawk,” who had often seen Pecten dredged 
at night, he was informed that the phosphorent condition of Pec- 
tens had often been observed. He thought it was not unreasona- 
ble to suppose that organs for the emission of light should be 
formed upon the same general principles as organs for the admis- 
sion of light, hence the similarity of these organs to eyes, He 
further stated that this function (phosphorescence) would be of 
great use to the animal in obtaining its food. 


On Amia and its probable Tenia.—Prof. Lerpy stated that in 
our market on Saturday last, three Mud-fishes, Amia calva, had 
been given to him. They came in a barrel of shad from North 
Carolina. One was a female about two feet long, the others male, 
of which the smallest was eight inches. Protruding from the 
vent of the latter was a little tape-worm, which, on disturbance, 
retreated into the rectum. Three other worms of the same kind 
were found in the mouth, but none were in the intestine of this or 
the other fishes. The worms accord with the description of the 
Tenia filicolis, infesting Sticklebacks, Gasterosteus, and is prob- 
ably the same species. They range from 1} to 38 inches long, 
gradually widening from the delicate thread-like neck to the pos- 
terior rounded extremity where they measure from 1- to 1-5 mm. 
wide. The head is spheroidal, variably broader or longer, and 
about 0°625 mm.; with the summit slightly prominent and 
unarmed, and with four hemispherical, lateral bothria 0°25 mm. 
in diameter. Neck variable; when extended, long and narrow and 
usually about half the width of the head. Anterior segments, 
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transversely linear, about an eighth the length of the breadth ; 
gradually becoming inverted saucer-shaped or scutellate, and 
about one-fourth the length of the breadth. Posterior segments | 
more quadrate, slightly widening behind, about 0°75 mm. long and 
from 1- to 15 mm. broad. Last segment longest and rounded. 
Genital apertures marginal. 


—— 


Marcu 30. 
Mr. Cares Morris in the chair. 


Twelve persons present. 
Prof. J. C. Arthur was elected a correspondent. 
The following was ordered to be printed :— 
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REVISION OF THE PALZOCRINOIDEA. 
BY CHARLES WACHSMUTH AND FRANK SPRINGER. 
Part III—Secrtion II. 
SusorDER ARTICULATA. 


The Articulata include the group formerly defined by us under 
the family name Ichthyocrinide, with the addition of Crotalo- 
erinus and Enallocrinus, which possess in a remarkable degree 
some of the most characteristic features of the group. We have 
elsewhere shown that our former definition of the structure of 
the ventral surface in the Ichthyocrinid was faulty in the use of 
the word “soft,” in which we did not have in mind the idea of 
membranous as opposed to calcareous, or of disk as opposed to 
vault, but simply employed the word to express more strongly the 
notion that the vault was not rigid. We maintain, however, that 
the outer test of the ventral side in this group was a continuous 
integument, composed of calcareous plates, unitedsby ligament 
and not by aclose suture, and that by reason of this structure and 
the articulation among the plates of the dorsal side it must have 
been pliant or flexible. The exact nature of this integument we 
do not know. The plates may have been arranged in various 
ways; they may even have been imbricated in some types—like ~ 
the interambulacral plates in some Periechocrinide, and even in 
some of the true Echini—these are points we may perhaps never 
be able to settle. That there was an inner integument roofed in 
and covered by the flexible vault we have mentioned, and that it 
contained the summit plates and ‘“ covering pieces ” we know to 
be true in the Crotalocrinide, and we think it altogether probable 
that the general plan of, the ventral structure for the Articulata 
generally is expressed in that of Crotalocrinus. 

The effect of the patelloid plates, observed in Forbesiocrinus, 
in permitting mobility in the whole skeleton, has been heretofore 
mentioned. The suggestions we then made are confirmed by the 
discovery of the remarkable articulation not only among the 
radials themselves, but also between the radials and interradials 
(Pl. 6, figs, 3-5). This articulate structure, and the consequent 
mobility in the test, and flexibility of the vault, we consider 
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characteristic of the whole group, though it may vary in degree, 
and is probably far less perfect in some genera than in Forbesio- 
crinus and Onychocrinus. 

Zittel (Handb. d. Palont., i, p. 353-5-6), has separated the 
genera which belong to this suborder into three families, viz.: = 
Taxocrinide, including: (A), Yaxocrinus, Forbesiocrinus, Ony- 
chocrinus, Gissocrinus, Myelodactylus; (B), Lecythocrinus (2), 
Dactylocrinus (Dimerocrinus Pictet); Ichthyocrinide, includ- 
ing: Homalocrinus, Lecanocrinus, Clidochirus, Mespilocrinus, 
Ichthyocrinus, Anisocrinus and Pycnosaccus; Crotalocrinide, 
including Crotalocrinus, Enallocrinus, Cleiocrinus. Angelin 
refers Taxocrinus, Forbesiocrinus, Gissocrinus and Myelodactylus 
to the Taxocrinide ; Ichthyocrinus and Pycnosaccus to the Ich- 
thyocrinide; Cvrotalocrinus to the Crotalocrinide and Enallo- 
crinus to the Enallocrinide. 

The so-called genus Myelodactylus may be left out of consider- 
ation. It was founded upon columns only, and, if correctly 
identified by Angelin, which is improbable, it would not belong 
to the Articulata at all. A separation of the genera included by 
us in the Ichthyocrinidz into two families is desirable, but all 
attempts to define satisfactory characters for such families have 
so far failed. We have tried to arrange them according to Zittel’s 
definition as well as various plans of our own, but without success, 
and we have come to the conclusion that the separation must be 
based upon characters as yet undetected. It is a remarkable and 
perplexing fact that in this whole group such characters as the 
presence or absence of interradials dorsally, the number of pri- 
mary radials, or the position of the anal or azygous plate, whether 
resting on the basals or not, seem to be of little value. 

Until some new light shall be obtained we see no other course 
than to leave the family Ichthyocrinide as we have already 
defined it. 

Gissocrinus, which is placed by Angelin and Zittel among the 
Taxocrinidz on account of having three underbasals, belongs to 
the Fistulata, and has been referred by us to the Cyathocrinida, 
as have also Lecythocrinus and Dactylocrinus. In addition to 
the genera formerly included by us, we refer Cyrtidocrinus to 
the Ichthyocrimide. 

Cleiocrinus was independently referred by Zittel to the Crota- 
locrinidee, and by us to the Ichthyocrinide, It differs from all 
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other Articulata in the position of the interradials and may prove 
to be the type of a distinct family. 

F. Roemer established the family Anthocrinide to receive 
Anthocrinus and Crotalocrinus, and Pictet, as Dujardin and 
Hupé, recognized the family Anthocrinide, but referred to it only 
Anthocrinus. As Anthocrinus proves to be a synonym, the 
family name will fall with it, and we shall distinguish the family 
as Crotalocrinidz, and follow Zittel in referring to it Crotalo- 
crinus, Enallocrinus, but not Cleiocrinus. 

The Crotalocrinide are distinguished by the possession of a 
ventral tube or anal appendage, located ventrally near the per- 
iphery. In Crotalocrinus it consists of a tube composed of eight 
vertical rows of heavy quadrangular pieces. In Enallocrinus its 
form is unknown. The family differs from the Ichthyocrinid 
in a similar way as Platycrinide from Actinocrinide in that the 
higher radials are imperfectly developed. 

The Articulata, therefore, fall into two families, which are 
defined as follows: 

A. IcuTHyocrinip&. Base dicyclic. Underbasals unequal, 
proportionally very small, rarely visible externally. Basals gene- 
rally small. Dorsal cup chiefly built up of radial plates of differ. 
ent orders, abutting laterally against each other or separated by 
interradials. Number of radials variable in genera, species and 
individuals. Radial and arm plates decreasing in size in the suc- 
cessive orders, each division being about half as wide as the 
preceding one, and of uniform size in corresponding divisions of 
the ray, but the plates of adjacent rays generally alternate with 
each other. The line of articulation between radials and arm 
plates is frequently undulating, and there are sometimes additional 
patelloid pieces. Arms uniserial, bifurcating, generally touching 
laterally so as to form a wall continuous with the calyx. Arm 
plates with straight sides and very deep ambulacral grooves. 
Pinnules apparently wanting. 

Interradial system chiefly developed on the ventral side. Spe- 
cial anal plate sometimes resting on the basals, sometimes upon 
the radials, and sometimes wanting dorsally. Anus unknown in 
most of the genera. The radials are united longitudinally by 
articulation, laterally by ligament, the interradials among each 
other and with the radials by a loose suture, admitting of motion 
and producting flexibility in the calyx and vault. 
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B. Croratocginip#. Base dicyclic. Underbasals unequal, 
small. Basals generally large. Radials so far as known, 25. 
Arms uniserial, with numerous branches, spreading broadly. The - 
branches of each ray partly or completely connected by lateral 
projections or direct union. When completely connected, they 
form reticulated leaves overlapping when folded. Pinnules 
wanting. Ambulacral furrow deep, ramifying with the arm 
branches, covered by alternating plates and bordered by side 
pieces. The first anal plate rests on the basals; it is followed by 
others which form the base of a ventral tube. Interradials 
numerous, covering the entire ventral surface, but not more than 
one or two—sometimes none—are exposed dorsally. Calyx roofed 
over by a pliant integument of irregular plates, extending over 
the arm bases, and enclosing the summit plates and covering 
pieces of the disk. Ventral tube lateral. 


Famity XI.—ICHTHYOCRINIDZ W. and Spr. 


We are of the opinion that some of the genera described by 
Angelin are founded upon characters of specific value only, but 
as the original specimens are unique and inaccessible to us, we 
cannot, at present, undertake to review them. 


ICHTHYOCRINUS Conrad, Rev. i, p. 33. ; 


No new species of Ichthyocrinus have been described since our 
first list, in which, however, we omitted to notice Ichthyocrinus 
arthriticus (d’Orbigny), mentioned in Prodr. i, p. 46, which is a 
Gissocrinus, and also Ichthyocrinus capillaris and I. goniodac- 
tylus (d’Orbigny), which Phillips had correctly referred to 
Cyathocrinus. 

HOMALOCRINUS Angl., Rev. i, p. 35. 


ANISOCRINUS Angl., Rev. i, p. 37. 
CALPIOCRINUS Angl., Rey. i, p. 38. 


LECANOCRINUS Hall, Rev. i, p. 39. 


1882. L. Soyei Oehlert. Bull. Soc. Géol. de France (ser. 3), vol. x, p. 354, Pl. 8, fig. 2. 
—Lower Devonian. Near Sabré, France, 
Lecanocrinus elegans Billings, see Taxocrinus elegans Billings; Lecano- 
crinus levis, Taxocrinus levis. 
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CYRTIDOCRINUS Angl., Rev. i, p. 145. 


Cyrtidocrinus was placed by us among the “ imperfectly known 
genera,” but should be referred to the Ichthyocrinide, as it is 
closely allied to Lecanocrinus, from which it differs only in having 
four in place of three underbasals. Like that genus it has a small, 
quadrangular azygous piece, placed obtusely against the posterior 
basal, and between it and the right postero-lateral radial. The 
upper radials are extremely narrow. 

The only known species is Cyrtidocrinus fascietatus Angelin. 


PYCNOSACCUS Angl., Rev. i, p. 41. 
MESPILOCRINUS De Kon and Leh., Rey. i, p. 41. 


TAXOCRINUS Phill., Rev. i, p. 43. 


Additional species :— 


*1884. Taxocrinus Beyrichi (Dewalque MS.) Fraipont, Zeacrinus Beyrichi; Extr. 
des Ann. de la Soc, Géol. de Belg., Tome xi, p. 112, Pl. 1, fig. 5—Dev. supe- 
rieur. Senzeille, France. 

1882. T, curtus Williams, Proc. Acad, Nat. Sci. Phila., p. 30.—Portage group. 
Ithaca, N. Y. 

*1856, T. elegans (Billings), Lecanocrinus elegans Rep. géol. Surv. Canada, p. 278; 
also 1859, Decade iv, p. 47, pl. 4, fig. 4a 6.—Trenton limest. City of Ottawa, 
Can. We consider this species, and also Lecanocrinus levis E. Billings, to 
be Taxocrinus. They evidently possess no azygous plate, as they should 
have if they belonged to Lecanocrinus,. 

Taxocrinus Egertoni (Poteriocrinus Egertoni Phill. == Cladocrinus Eger- 
toni Aust.), Rev. i, p. 48, is probably an Onychocrinus having 6-7 radials. 

1882. Taxocer. Fletcheri, Bull. i, Illinois St. Mus, Nat. Hist., p. 31; also Geol. Rep. 
Illinois vii, p. 308, Pl. 50, fig. 2.—Kinderhook gr. Marshall Co., Iowa. 

1882. T. ithacensis Williams, Proc. Acad. Nat. Sci. Phila., p. 29, Pl. 1, fig. 10.— 
Portage gr. Ithaca, N, Y. 

*1856. T. levis (E. Billings), Lecanocrinus levis, Rep. Geol. Surv, Canada, p. 278; 
also 1859, Decade iv, p. 47, Pl. 4, fig. 3a.—Trenton limestone. City of 
Ottawa, Can. 

*1836. T. nobilis (Phill.), Poteriocrinus nobilis Geol. Yorkshire, p. 205, Pl. 3, fig. 
40.—This species has been regarded by some authorities as identical with 
Forbesiocrinus nobilis De Kon. and Lehon; but is in our opinion not 
only specifically distinct, but in all probability a Taxocrinus.—Mountain 
limest. Bolland, Engl. 

1852. T. oligoptylus (Pacht.),—Dimerocrinus oligoptylus Beitr., z. Kenntniss der 
Gattung Dimerocrinus, St. Petersburg, p. 8, with 3 plates.—Devonian. 
Costijitsi, Russia. 

Syn. Dimerocrinus aptilis Pacht. 


N. B.— Taxocrinus priscus (Schnur.) Steinninger, 1853, Geogr. 
Beschr. d. Eifel, p. 37, is not sufficiently defined for identification. 
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GNORIMOCRINUS W. and §p., Rev. i, p. 50. 
FORBESIOCRINUS De Koninck, Rev. i, p. 51. 


Additional species :— 


1859. Forbesiocrinus Saffordi Hall, Suppl. Geol. Rep. Iowa, p. 87.—Keokuk lime- 
stone. White’s Creek, Tenn. 

1879. F, parvus Wetherby, Jour. Cincin. Soc. Nat. Hist. (October number), p. 5, Pl. 
11, figs. 4a b.—Kaskaskia gr. Pulaski county, Ky. 


N. B.—Forbesiocrinus Whitfieldi Hall, which has been referred 
to the genus Taxocrinus, according to Meek and Worthen (Geol. 
Rep. Illinois, vol. v, p. 553), came from the Kaskaskia group, of 
Randolph Co., Ill., and not from the Keokuk limestone, as 
stated by Hall. It also occurs at that horizon in Pulaski 
Co., Ky. 

LITHOCRINUS W. and Sp., Rey. i, p. 52. 


ONYCHOCRINUS W. and §p., Rey. i, p. 53. 


1882. Onychocrinus distensus Worthen,’ Bull. Ill. St. Mus. Nat. Hist, p. 31, also 
Geol. Rep. IIL, vii, p. 307, Pl. 29, fig. 5.—Kaskaski gr. Monroe Co., Ill. 
(We are unable to distinguish this specimen from O. exscu/ptus Lyon and 
Cass.) 
NIPTEROCRINUS Wachsm.., Rev. i, p. 55. 


Zittel (Handb. der Pal., p. 352) refers this genus to the Cyatho- 
crinide, probably on account of its three small underbasals. 
The presence of interradials clearly removes it from that family, 
and its waving sutures leave no doubt that it was properly 
placed by us among the Ichthyocrinide. 


FamiLty XII.—CROTALOCRINIDA. 


CROTALOCRINUS Austin. 


1843. Austin, Ann. and Mag. Nat. Hist., Ser. I, vol. xi, p. 198. 

1848. Morris, Cat. Brit. Foss., Ed. 1, p. 50. 

1854. Salter, apud Murchison, Siluria, Ed. 2, p. 219. 

1855. McCoy, Brit. Pal. Foss., p. 55. 

1873. Salter, Cat. Mus. Cambr., p. 128. 

1878. Angelin, Icon. Crin. Suec., p.26. 

1879. Zittel, Handb, d. Pal., i, p. 356. 

1882. De Loriol, Pal. d. France, tome 11, Crin., p. 51. 

Syn. Anthocrinus, 1853, Miiller, Abhandl. Aka. Berlin, p. 192; 

1857. Pictet Traite de Pal., iv, p. 312 ; 1862. Dujardin and Hupé, 
Hist. Nat. Zooph. Echin., p. 117; 1855. Quenstedt, Handb. d. 
Petref., iv, p. 943. 
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Crotalocrinus was established by Austin in 1843 (Ann. and 
Mag. Nat. Hist., p. 198), for the reception of a single species, 
which was described by J. 8S. Miller, in 1821, as Cyathocrinus 
rugosus, from a calyx without the arms. He had previously 
used the name Crotalocrinites rugosus (1842, Ann. and Mag., 
vol. x, p. 109), in his list of the class Pinnastella, and he referred 
it to the Marsupiocrinoidea. His original definition of the genus 
is as follows: 

“ Dorsocentral plates, 5; first series of perisomic plates, 5; 
second series, 5. On the latter are a series of wedge-shaped 
plates, which bear the rays; the exact number of these plates is 
unascertained. Column with a pentapetalous perforation.” 

“C. rugosus. The plates surrounding the body agree with the 
generic characters. Rays numerous, probably amounting to one 
hundred. Column composed of thin joints, articulating into 
each other by radiating striz. The columnar canal is penta- 
petalous. The rays are remarkably small in proportion to the 
size of the animal.” 

McCoy, in 1854 (Brit. Pal. Foss., p. 54), redescribed the genus, 
but gave little additional information regarding it. He men- 
tions the presence of an interradial plate in the ‘second peri- 
somic row,” and says that above, and alternating with the 
primary radials, are five large pentagonal secondary radials 
(seapulee), completing the cup, on each of which rests a series of 
small pentagonal plates, supporting for the width of each plate 
a large number (? 15 or 16) of very slender long rays. Accord- 
ing to McCoy, the genus ‘differs from Cyathocrinus in the vast 
number of its rays.” 

Hisinger (Leth. Suec. Supp., II, p. 6) described under the name 
Cyathocrinus pulcher a specimen without arms which afterwards 
proved to be of this genus. 

Johannes Miiller was the first to call attention to the remark- 
able characters of this type exhibited in the brachial parts. In 
1853 (Abh. Ak. Wiss. Berlin, p. 187, e¢ seq.), he described, under 
the head of ‘‘ Crinoiden mit netzformigen Handen,” some speci- 
mens from Gothland in which the arm structure was well shown. 
He says he could not identify Hisinger’s species because his 
figure was too imperfect, although he thinks it may have belonged 
to the same group. He also says that a specimen with arms and 
branches somewhat resembling the net-form had been obtained 
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from Dudley, which he acknowledges to be Cyathocrinus rugosus 
Miller, but he expresses the opinion that the arms in the English 
form are not laterally connected and that it must have had more 
than five arms. Regarding, therefore, the English form as de- 
scribed by Miller, Austin and McCoy as distinct from the Goth- 
land form with reticulated arms, Muller proposed for the latter 
the genus Anthocrinus, of which there was but a single species, 
A. Lovéni. 

Angelin (Icon. Crin. Suec., p. 26), with the whole of the excel- 
lent material from Gothland before him, finds that Anthocrinus 
Lovéni is a synonym of Hisinger’s Cyathocrinus pulcher, and 
that it belongs, along with C. rugosus, to Austin’s genus Crotalo- 
crinus, of which he also describes and figures a third species, C. 
superbus. According to his definition of the genus, there are 
five arms, connected at their bases by branches and pinnules, and 
the pinnules, reticulately connected by narrow transverse joints, 
form a broad plicated net. This reticulate structure, by which 
all the ramifications of each ray throughout their entire length 
are united into a net-work, seems to be the principal distinction 
between this genus and the closely allied Hnallocrinus, in which 
the arm branches are transversely connected for a short distance 
near the base, but are free for the greater part of their length. 
Angelin uses the word “ pinnules”’ carelessly, and it is evident 
that in this case it means simply the ultimate divisions of the 
arms. The character intended to be described by Angelin is 
much better stated by Zittel (Handb. d. Pal., i, p. 356), and Jo- 
hannes Miller (1853, Berl. Akad., pp. 187-192). 

Generic Diagnosis.—The calyx is constructed very similar to 
that of the Cyathocrinide. Its form is subglobose; its sym- 
metry bilateral. With arms closed, the Crinoid resembles an 
elongated bud with folded leaves. With outspread arms its 
figure is that of a flattened disk with five deep, narrow, lanceolate 
areas, which separate the rays. 

Base dicyclic. Underbasals 5, small, pentangular. Basals 5, 
large, hexagonal and octagonal. Primary radials 25; the first 
wider than high, excavated in the middle of the distal face for 
the reception of a very small trigonal, bifurcating second radial, 
upon which the arms originate and bifurcate in much the same 
manner as in Marsupiocrinus. The lateral margins of the first 
radials are very deeply incurved, extending between the arm 
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bases until they meet the tegminal plates on the ventral side. 
The arms divide into numerous branches, which are connected 
throughout their entire length, in such a way that the brachial 
apparatus of the whole animal is included in five broad, net-like 
leaves with inrolled edges, which when closed overlap each other. 
These leaf-like arms are separated by very prominent, deep peta- 
loid areas, whose margins are formed by the deeply incurved 
lateral faces of the peripheral arm joints, and the radials which 
are enormously thickened. When spread out, these connected 
rays would be free from contact with one another. and would 
resemble the outstretched leaves of a pentapetaloid flower, but 
folded together they overlap just as the closed leaves of a bud or 
flower. The arm joints are disposed in regular dichotomizing 
longitudinal rows, and also in regularly concentric transverse 
rows, the alternate arrangement of joints of adjacent branches 
being absent here. The arm branches are transversely com- 
pressed and flattened, very deep in proportion to their width, 
meeting throughout their entire length by their lateral surfaces. 

Upon the dorsal side, the branches are laterally connected by 
points of attachment projecting from the middle of each point, or 
by direct contact of the sides of the joint, in such a way as to 
produce a reticulated structure composed of numerous small 
meshes. The projection of the points of attachment from the 
middle of the joints gives them the appearance, when seen from 
the dorsal side, of a cross with short arms, and the network ap- 
pears to have regular cross-shaped meshes. At the lower part of 
the arms the joints are not cross-shaped, but meet directly by 
their sides, and the reticulate appearance is not so marked as 
higher up. The whole structure of these leaf-like rays is adapted 
to the greatest flexibility in all directions, and we think it prob- 
able that the meshes of the network were occupied by elastic 
connective substance of some kind. The joints are flat on the 
dorsal side; near the calyx they are extremely thick from the 
dorsal to the ventral side, the thickest being those which rest 
upon the radials, and they decrease rapidly toward the extremities 
of the rays. The articular faces at the ends of the joints are 
provided with an axial canal. Along the ventral side the joints 
are deeply excavated for the ambulacral furrow, which ramifies 
with the arm branches throughout their length. The furrow is 
lined at each side by a row of small side pieces, three to four to 
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each arm joint, which inclose in the middle two rows of covering 
plates, alternately arranged, of equal number with the side pieces. 

The dorsal cup is roofed over and covered by an integument of ~ 
comparatively heavy interradial plates of irregular arrangement, 
which extend out some distance over the rays and enclose the 
bases of the arms, but in no sense constitute or include covering 
plates of the arms, as Angelin’s figure (PI. xxv, fig. 15) clearly 
shows. The plates at the margin of this integument meet and 
connect with the incurved edges of the radials and peripheral 
row of arm joints, which are proportionally much thicker than 
those of other parts of the ray. The arms, with their covering 
plates, which are laterally connected without the interposition of 
interradials or interaxillaries, emerge from underneath this 
integument, which must have been pliant to admit of the varieties 
of positions assumed. Also the summit plates—oral and proxi- 
mals—must have been located beneath this integument, or we 
could not understand their position and relation to the covering 
pieces which are represented by Angelin’s figure on Pl. xvii, fig. 
3a. Only occasionally the first interradial is visible dorsally ; 
the dorsal cup, however, includes always a comparatively large 
subquadrangular anal plate, which rests between the radials and 
upon a hexagonal basal. This supports a very long, tapering, 
lateral ventral tube, which rises between the arms. It is com- 
posed of vertical rows of short, transverse pieces, and its walls 
are pierced by numerous pores. 

The calyx plates appear to be united by syzygy, in part at 
least, and the lines of junction are marked by pits and clefts 
which penetrate deeply into the walls, as shown in fig. 4, PI. viii, 
of Angelin. 

Column heavy, round, composed of thin joints, whose articular 
faces are traversed by small radiating canals, which form pores 
on the external surface. Axial canal large, pentangular. 

Geological Position, etc.—Upper Silurian of Gothland and 
England. 

These species have been described : 


1821. Crotalocrinus rugosus Miller, Cyathocrinus rugosus Nat. Hist. Crin., p. 
89, pts. 1 A—4 B.—1808. Parkinson, Turban or Shropshire Encrinite, 
Org. Rem., Vol. ii, p. 193, Pl. 15, figs. 4, 5.1827. Hisinger, Cyathocrinus 
rugosus, Leth. Suec., p.89, Tab. xxv, fig. 83a; also Antekni, Heft iv, p, 217, 
Tab. vii, fig. 3.—1839, Phillips, Cyathocrinus rugosus Phillips, apud 
Murchison’s Sil. Syst., p. 672, Tab. 18, fig. 1.—1843. Austin, Ann. and Mag, 
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Nat. Hist., Ser. 1, Vol. xi, p. 198.—1843. Morris, Cat. Brit. Foss., Ed. 1, p. 
50.—1850. D’Orbigny, Cyathocrinus rugosus, Prodr. d. Pal., Vol. i, p. 46. 
—1854. Salter, apud Murchison, Siluria, Ed. 2, p. 219, figs. 4-7, Tab. 13, 
fig. 3.—1855. McCoy, Br. Pal. Foss., p. 55.—1873. Salter, Cat. Mus. Cambr., 
p. 123.—1878. Angelin, Icon. Crin. Suec., p. 26, Tab. vii, fig. 4; Tab. xvii, 
figs. 3, 3a-b, 8, 8a.—1879. Zittel, Handb. d. Pal., i, p. 357, fig. 244.—1885. 
Quenstedt, Handb. d. Petref., iv, 942, Tab. 75, figs. 2, 3—Upper Silurian. 
Gothland, Sweden, and Dudley, England. 

1840. C. pulcher Hisinger, Cyathocrinus pulcher, Leth. Suec. Supp. ii, p. 6, Tab. 
xxxix, figs. 5 a, b.—1878. Angelin, Icon. Crin. Suec., p. 26, Tab. vii, figs. 
5-7, 7a-b; Tab. viii, figs. 1-9a; Tab. xvii, figs. 1, la-d; Tab. xxv, figs. 
8-20.—1879. Zittel, Handb. d. Pal., i, p. 357, figs. 2, 4, 4a-d. Syn., 
Anthocrinus Loveni Joh. Miiller, 1853, Abh. d. Berl. Akad., p. 192, Tab. 
viii, figs. 1-11.—Pictet, 1857, Tr. d. Pal., iv, p. 312, Pl. ¢, fig. 8.—Dujardin 
& Hupé, Hist. Nat. Zooph. Echin., p. 117.—Quenstedt, 1885, Handb. d. 
Petref., iv, p. 943, Tab. 75, figs. 4, 5; Petref. Deutschl., iv, p. 508, Tab. 108, 
fig. 13.—Upper Silurian. Gothland, Sweden. 

1878. C. superbus Angelin, Icon. Crin. Suec., p. 26, Tab. xvii, figs. 2, 2 a-b.—Upper 
Silurian. Gothland, Sweden. 


ENALLOCRINUS d’Orbigny. 


1850. D’Orbigny, Prodr. de Pal., Vol. i, p. 46; Cours Elem., ii, p. 142. 
1854. Salter, apud Murchison, Siluria. Ed. 2, p. 218. 

1857. Pictet, Traite de Pal., iv, p. 320. 

1862. Dujardin and Hupé, Hist. Nat. Zooph. Echin., p. 134, 

1878. Angelin, Icon. Crin. Suec., p. 25. 

1879. Zittel, Handb. d. Pal., i, p. 356. 


Syn., Apiocrinites (Hisinger) in part ; Millerterinus (d’Orbigny) in part. 


In 1850 d’Orbigny established this genus to receive two 
species, which had been noticed and figured by Hisinger as 
Aptocrinus scriptus and A. punctatus. Only the calyx was then 
known, and the generic definition simply stated that this was 
composed of five depressed basals, five large “ subradials ” and 
five ‘“‘brachials.” He placed the genus in the family Melocrinide, 
while Pictet, and also Dujardin and Hupé, referred it to the 
Cyathocrinide. Angelin makes it a distinct family, and Zittel 
considers it as belonging to the Crotalocrinide. It is clearly 
separated from the Inadunata by the fact that its radial divisions 
are connected either by direct union or by interradial plates 
between the secondary radials. Although Angelin, in his defini- 
tion of the genus (Icon. Crin. Suec., p. 25), states “ interradialia 
nulla,” his figures demonstrate their undoubted presence both on 
the dorsal and ventral side (PI. xv, figs. la, 3a; Pl. xxv, figs. 4, 4a). 
It appears from these illustrations that in some cases the corres- 
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ponding radials of adjacent rays meet again above the inter- 
radials, just as in some species of Ichthyocrinus and Batocrinus. | 

The genus differs from Crotalocrinus, its nearest ally, in the 
absence of the reticulate arm structure, although there is a 
lateral connection between the arm branches for some distance 
above their bases; also in the alternate arrangement of adjacent 
rows of arm joints. The construction of the ventral covering is 
apparently the same in both forms. There is, however, a differ- 
ence in the mode of union of the calyx plates, the lines of 
junction in Hnallocrinus, showing strong indications of an artic- 
ulation, as we judge from Angelin’s figs. 1, 4, and 4a, of Pl. xxv. 
Angelin united the two types of Hisinger under his first species 
£. scriptus, and described one new species. 

Generic Diagnosis.—The calyx differs but little from that of 
Crotalocrinus, and when the arms are spread this produces a 
similar discoid figure, and lanceolate areas similar to those of 
that genus. The calyx is depressed, broadly expanding, com- 
posed of thick plates with deeply beveled sutures, indicating a 
union by articulation. Base dicyclic; symmetry bilateral ; under- 
basals 5, depressed, linear; basals 5, large, hexagonal, angular 
above, except on the anal side; radials 25, the first one wide, 
with its distal face occupied by a deep lunate excavation, which 
is filled by the second radial and the two first arm joints. Lateral 
faces of first radials deeply incurved between the arm bases, and 
meeting tegminal plates on the ventral side. Second radial 
trigonal or pentagonal, and on its superior sloping margins the 
arms bifurcate as in Marsupiocrinus. The first arm-joint small, 
linear, sometimes coalesced with the second; the second small, 
axillary ; arms broad, thick, composed of short uniserial joints, 
dichotomizing frequently. The branches are laterally connected 
near their bases, but throughout the greater portion of their 
length are free. Arm joints alternating with those of adjacent 
rows. Asin Crotalocrinus, the outer sides of the peripheral rows 
of the rays are the thickest, and the deep inward curvature of 
their exterior lateral faces leaves similar large petaloid or lanceo- 
late areas. The exterior ventral margins of the incurved radials 
of the first and higher orders, and some of the lower arm joints, 
connect with the plates of the ventral covering, which is of a 
similar nature as that of Crotalocrinus. Ambulacral furrow deep, 
dichotomizing with the arm branches, bordered by two rows of 
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small alternating side pieces, and covered along the median line 
by two rows of saumpliattchen. 

Anal plate one, in line with first radials. Of the numerous 
interradials only one or two are exposed dorsally, and these are 
succeeded ventrally by an indefinite number of other vault plates. 
Ventral tube lateral, its construction unknown. Column strong, 
round, with short joints; axial canal large, round or obtusely 
pentangular. 

Geological Position, etc—Upper Silurian; known only from 
Gothland, Sweden. 

Two species have been recognized : 


1828. Enallocrinus scriptus Hisinger (Cyathocrinites?), Anteckn iv, p. 217; Tab. 
v, fig. 9; Tab. vii, fig. 1—1831. (Apiocrinites (?) scriptus), Anteckn y, p. 
123, Esquisse d. tab. petrif. d. Swede, p. 23.—1837. Leth. Suec., p. 89, Tab. 
xxv, figs. 1 and 2.—D’Orbigny, 1840 (Millericrinus scriptus), Hist. Nat. 
Crin., p. 94, Pl. xvi, fig. 29.—1850. Prodr.d. Pal. i, p. 46.—Angelin, 1878, Icon. 
Crin. Suee,, p. 25, Tab. vii, figs. 1-3a; Tab. ix, figs. 18 and 19; Tab. xxv, 
figs. 1-7; Tab. xxvii, figs, 17-20 a.—Upper Silurian. Gothland, Sweden. 

Syn.—Enallocrinus punctatus Hisinger, Leth. Suec., p. 89.—Millericrinus 

punctatus d’Orbigny, Hist. Nat. Crin., p. 94, Pl. xvi, fig. 50.—Enallocrinus 
punctatus Salter, apud Murchison, Siluria, Ed. 2, p. 218.—Anthocrinus 
scriptus and A. punctatus, Quenstedt, Handb. d. Petref. iv, p. 944, Tab. 
75, figs. 6, 7. 

1878. E. assulosus Angelin, Icon. Crin. Suec., p. 26, Tab. xv, figs. 1-4.—Upper 
Silurian. Gothland, Sweden. 


CLEIOCRINUS Billings. 


1856. Geol. Surv. Canada, p. 276. 
1859. Ibid, Decade IV, p. 52. 

1879. Wachsm. and §pr., Rev. i, p. 35. 
1879. Zittel, Handb. d. Pal., i. 357. 


Cleiocrinus in its general habitus has close affinities with the 
Ichthyocrinide and Crotalocrinide, and this has induced us to 
place it provisionally with the Articulata, without assigning it to 
any special family, although it differs in two important points. 
Cleiocrinus, contrary to all other Articulata, has an interradial 
in lateral contact with the first radials, forming a ring with them, 
and the plates of the calyx apparently were not articulated ina 
strict sense. Zittel has referred the genus to the Crotalocrinide, 
while we placed it in Part I with the Ichthyocrinide. If certain 
parts were better known, we should make it the type of a new 
family, but at present, having no positive knowledge of the 
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basal regions, nor even of the arms, we are not in a position to 
give a satisfactory definition of the group. 

In order to obtain some additional information, we applied to 

our friend, Walter R. Billings, who, with his usual kindness, has 
furnished us the diagrammatic sketch of the type-specimen, 
which is reproduced on Plate 9, fig. 5. The suture lines of all 
plates above the primary radials, vertically and horizontally, are 
provided with a kind of minute pores; which, it seems to us, 
indicates a union by syzygy, and not by articulation, and that 
the arm structure was altogether different from that of the other 
Articulata. Mr. Billings informs us that “the plates are all 
joined together, but where the strain in crushing has acted upon 
the specimen, the cracks or gaping sutures are preferably on the 
lines of the grand divisions, 7. e., the lines dividing the arms 
from one another and from the anal series.” This parting of the 
plates, however, does not indicate necessarily a leaf-like struc- 
ture of the rays, as in the case of Crotalocrinus, for all plates 
united by syzygy, as a rule, come easily apart. 
_ Mr. Billings informs us that the ridges of the column are inter- 
radial in position, which confirms the supposition made by us 
(Part I, p. 36), that Cleiocrinus possesses underbasals, and that 
the so-called basals of EH. Billings are interradials. He also states 
that the lowest visible circlet of plates “‘ apparently overlaps the 
column, instead of passing under it,” which shows that the base 
must have been concave, with ample space for the basals and 
underbasals to lie concealed from view. We have indicated the 
basals and underbasals in the diagram by dotted lines, 

It will be useful to give an amended— 

General Diagnosis.—General form obconical; with bilateral 
symmetry. Base dicyclic. Underbasals probably 3, minute or 
rudimentary. Basals probably 5, small and hidden by the 
column. Primary radials 3 X 5, increasing in width upwards, 
supporting several superior orders of radials, dichotomizing 
frequently and uniformly, and interlocking with those of 
adjoining rows. 

The rays and their divisions are laterally connected, without 
the intervention of interradial plates, except at the anal side 
and along the first primary radials. The first radials are much 
smaller than the succeeding ones, and separated from one another 
by a comparatively large pentangular interradial. The inter- 
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radial of the posterior side is quadrangular, and supports a longi- 
tudinal row of anal plates, which extend to the full length of the 
calyx, and in their form closely resemble the radials. Arms 
apparently recumbent. Column more or less obtusely pen- 
tagonal ; axial canal large. 

Geological Position, ete.—Lower Silurian, Canada. No addi- 
tional species have been described. 


SusorDER INADUNATA. 
a. Branch, Larviformia. 


The Larviformia comprise the families: Haplocrinide, Sym- 
bathocrinide, Cupressocrinide and Gasterocomide. 

The Haplocrinidze are the simplest brachiate Crinoids and 
may be regarded as representing the larva, not only of the 
Inadunata but of the Palezocrinoidea generally. Even the most 
complicated Platycrinoid or Actinocrinoid must have passed in 
its early life a stage in which radials and interradials consisted of 
but a single ring of plates when we think the interradials covered 
the entire ventral surface. This stage is probably represented by 
the young Allagecrinus. In Haplocrinus the conditions are essen- 
tially the same, but here the interradials already began partly to 
open out, and the oral plate made its appearance upon the surface, 
It is very possible that also the growing Allagecrinus before 
reaching maturity attained this condition, or perhaps even the 
condition of Symbathocrinus, but in default of any such evidence, 
we refer the genus for the present to the Haplocrinide. 

The Haplocrinide are very closely allied to the Symbatho- 
crinidz, and it is a question with us, whether it would not be 
better to unite them under one family. Both are built essentially 
on the same plan, but the Symbathocrinidze—at least their 
typical genus—had proximals, and, as a rule, a somewhat higher 
developed mode of articulation. The articular facet in the 
Symbathocrinidz forms a straight horizontal line, it is extended 
into a large muscle-plate, and this covers the greater part of the 
ventral cavity, leaving only a small median space, which is covered 
either by the interradials and an oral plate as probably in Piso- 
crinus, or by interradials and a full set of summit plates as in 
the case of Symbathocrinus. In the Haplocrinid the inter- 
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radials ' are comparatively large, and rest upon the upper face of 
the main part of the radials; in Symbathocrinus small, placed 
against the distal ends of their limbs, and separated by radial 
dome plates. In the Haplocrinide the anal opening penetrates 
one of the interradials, and also probably in Pisocrinus, Stor- 
thingocrinus and Stylocrinus; in Symbathocrinus and Phimo- 
crinus it is placed along the suture of two adjacent muscle-plates. 
This position of the anal opening between the muscle-plates is a 
peculiarity found exclusively among the Larviformia; we meet 
with it again in Cupressocrinide, and in a somewhat different 
form among Gasterocomide. 

The Cupressocrinide and Gasterocomide are dicyclic Crinoids, 
containing within their basal ring an undivided plate in form of 
a disk. The disk is pierced by several large openings, a central 
one which represents the axial canal, and by four (exceptionally 
three or five) peripheral ones, which are continued to the whole 
length of the column. The other two families have only a central 
opening, whichis small. Dr. P. H. Carpenter, whom we consulted 
as to the functions of these openings, thinks it “ very probable 
that the peripheral ones represent downward extensions of the 
body cavity in which water circulated; while there was an exha- 
lant or outgoing current through the interradial (so-called anal) 
opening with which the intestine was related, so that feecal matter 
could be carried away from the creature, very much as it is by the 
circulation through the dorsal and ventral siphons of a Solen or 
Mya.” 

The specimens for which Hall (1862, 15th Rep. N. Y. St. Cab. 
Nat. Hist.) proposed the name Ancyrocrinus are evidently 
crinoidal stems with four peripheral canals, and as such may 
belong to Myrthillocrinus or some other genus of this family. 
There are at the lower end four lateral appendages, which in our 


1TIf the five ventral plates in Haplocrinus and the allied Allagecrinus 
were orals, as Dr. P. H. Carpenter suggests, it would follow that these 
two genera exceptionally had no interradials, and vary on this point from 
all other Paleocrinoidea. To this we had reference on p. 72, but in place 
of stating, as we intended, ‘‘ Carpenter denies the interradials to be present 
always in Paleocrinoids,’’ we made the erroneous statement: ‘‘C. denies 
that interradials are present as a rule in Paleozoic Crinoids.’’ The correc- 
tion was made throughout our own edition, but we discovered the error 
too late to rectify it in the Proceedings of the Philadelphia Academy. 
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opinion are a kind of radicular cirrhi. In a specimen from the 
Canada Survey Museum of Ottawa we found the lower face of 
the stem covered by a calcareous deposit closing the canals. 
This deposit appears to have been of a similar nature to that 
which closes the centro-dorsal of Comatula and the nodal stem 
joints of the Pentacrini, which, according to Wyville Thomson 
and Carpenter (Chall. Rep., pp. 18, 19), occasionally break their 
stems at a syzygy so as to become free. In the case of Ancyro- 
crinus, however, the stem may have become detached and the 
free state been the rule in the adult, as those stems with their 
anchor attached are found in great abundance. 

The bottom plate in the calyx of the Cupressocrinide and Gas- 
terocomidx, which we take to be a coalesced underbasal disk, has 
been described heretofore as representing the upper joint of the 
column, because the plate, at least in the adult, is undivided. 
It is, however, well known that a fusion of one or more plates 
takes place not only among basals, but also among underbasals ; 
while, on the other hand, the columnar joints, which in most of 
the Crinoidea are undivided, sometimes are tri- and quinque- 
partite. The plate of Cupressocrinus unquestionably has the 
position of the united underbasals ; it forms, like them, a part of 
the calyx, as much so as the basals of Dolatocrinus and Stereo- 
crinus, in which, as a general rule, the sutures are totally 
obliterated, and in which the basal disk resembles most remark- 
ably the underbasal disk in this family. It is to be regretted 
that neither the central canal nor the angles of the column in 
Cupressocrinus give any light on this question, the former being 
circular, the column quadrangular; but it seems to us that the 
plate, if really representing a stem-joint, should be quadrangular, 
in accordance with the other stem-joints in this genus, and not 
pentangular, as we always find it. 

The muscle-plates of the Cupressocrinide have a more hori- 
zontal position than in the Symbathocrinide, and those of 
different rays are laterally anchylosed, so as to form an annular 
plate with a central-opening. There is, besides, an interradial 
lateral opening, and five pairs of radial ones. The central space 
was probably covered by interradial and summit plates, but these 
occupied a comparatively small space of the ventral surface, the 
larger portion being covered by the muscle-plates. The inter- 
radial opening represents the anus, the outer radial ones the 
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axial canals, the inner and larger ones are probably ambulacral 
openings. 

The arms of the Gasterocomidx have similar axial canals as 
those of the Cupressocrinidx, but these face outward, while the 
others are directed upward. ‘This is readily explained by the 
condition of their articular facets, which are lateral, horseshoe- 
shaped, and do not extend over the whole width of the plates. 
The articular facets of the radials throughout this family, 
instead of bending over to the ventral side, stand erect as in 
Platycrinus, and their outer ends support the interradials in a 
similar manner as in that genus. In accordance with this struc- 
ture, it is evident that, if the anal opening was to occupy a posi- 
tion corresponding to that of Symbathocrinus and Cupressocrinus, 
it had to be located, as it is throughout this group, dorsally 
between the upper portions of the radials, which resemble struc- 
turally, if not quite functionally, the extensions of the muscle- 
plates in the other groups. The radials of the Gasterocomide 
have limb-like extensions, they are simply notched for the ambu- 
lacral canal, and their axial opening penetrates the median por- 
tions of the plates. 

The Larviformia agree with the Blastoids as to certain condi- 
tions of their arm structure (see our notes on Cupressocrinus), 
and probably possessed hydrospires and hydrospire pores to 
connect with the ambulacra; Cupressocrinus even had similar 
pinnules. The arms are simple throughout, but some of the 
radials, exceptionally, support two arms. The arms were united 
with the radials by strong muscles; but the arm-plates among 
each other; so far as known, were suturally connected and moved 
in a body. 

We give the following definitions of the four families :— 

A, Haptocrinip&. Dorsal cup small, composed of basals and 
radials ; covered ventrally by five large single interradial plates, 
which form a pyramid. These plates are supported upon the 
outer ends of two adjoining radials, and are united with one 
another, leaving only a small ambulacral opening. There is no 
anal plate; the anal aperture, so far as known, penetrates the 
upper part of one of the interradials. Column with small 
central canal. 

B. SYMBATHOCRINIDZ. Dorsal cup small; composed of basals 
and radials only. The latter are provided with large muscle- 
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plates, which are connected by suture, except at their inner 
ends, where they leave generally a slit-shaped opening. The 
muscle-plates extend over the greater part of the ventral surface, 
and constitute a more or less elevated pyramid, with an open 
space in the centre. The central space is closed by compara- 
tively small interradials and the summit plates; the latter, as a 
rule, are more extensively developed than in the Haplocrinide. 
The arms are extremely long, closely folded together. They are 
composed of quadrangular joints, suturally connected, and 
moved upon the radials by means of strong muscles.» The anal 
opening, where it has been observed, is intermediate between two 
muscle-plates. Column round, with a small central canal. 

C. CUPRESSOCRINIDZ. Calyxlarge. Base dicyclic. The under- 
basals are anchylosed, and form a solid disk, which is succeeded 
by five basals. The radials are provided with large muscle-plates, 
which are laterally anchylosed, and form a continuous plate cov- 
ering a large portion of the body. It stands on a level with the 
upper faces of the radials, and is pierced by the anus and the 
ambulacral openings. The arms are simple, closely folded to- 
gether, and composed of massive, wide, quadrangular pieces, 
which, being connected by suture, moved in a body upon the 
radials. Column strong, containing a large central canal sur- 
rounded by peripheral ones. 

D. GASTEROCOMID&. Base dicyclic; basals and underbasals as 
in the Cupressocrinide. Radials large; their articular facet 
lateral, horseshoe-shaped, covering almost the whole outer face of 
the plates. They are provided with large axial openings, which 
occupy the median portions of the facets, and are notched at their 
upper end to pass in the ambulacral canal. The anal opening is 
dorsal, placed between two radials, and either succeeds the anal 
plate, or this succeeds the opening. The interradial plates are 
small occupying the equatorial zone. The oral plate is very 
large, excentric, and surrounded by four large proximals, its pos- 
terior side resting against the radials. Arms recumbent or widely 
divergent. 

Famity XIII.—HAPLOCRINID/A, 

Under this family we place only the two genera Haplocrinus 
and Allagecrinus. Roemer referred to it Haplocrinus and Cocco- 
crinus, in which he was followed by Zittel and 8. A. Miller. 
Schultze, like us, referred Coccocrinus to the Platycrinide, but 
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added Triacrinus, which Zittel, Angelin and Miller made the type 
of a distinct family. We admit there are close affinities between 
Haplocrinus, Triacrinus and Pisocrinus, but we believe the last 
two are closer allied to Symbsthocrinus (see our notes on the 
Symbathocrinidz). Pictet refers to the Haplocrinide: Haplo- 
crinus, Coccocrinus, Myrtillocrinus, Ceramocrinus, Epactocrinus 
and Gasterocoma; Dujardin and Hupé: WHaplocrinus, Cocco- 
crinus, Myrtillocrinus and Stephanocrinus. D’Orbigny arranged 
his “ Aplocrinide ” between the Pentremitide and Cupresso- 
crinide. 

In Troost’s catalogue of 1850 we find the following names: 
Haplocrinus granulatus, H. hemisphericus, H. maximus and #H. 
ovalis, which have not been defined, and are species of Pisocrinus 
and Triacrinus. Haplocrinus annularis and H. monile were 
defined by Eichwald from pieces of the column. 


HAPLOCRINUS Steininger. 
(PL. 5, figs. 1, 2.) 


1834. Steininger, Bull. Soc. géol. de France (Ser. i), vol. viii, p. 231. ° 
1844. F. Roemer, Rhein. Uebergangsgebirge, p. 63. 
1849. Steininger, Versteinerungen der Hifel, p. 20. 
1855. Steininger, Geognostische Beschr. d. Eifel, p. 36. 
1852. Quenstedt, Handb. d. Petrefactenkunde, p. 624. 
1855. J. Miiller, Verh. naturh. Verein, Jahrg. xii, p. 21. 
1855. F. Roemer, Lethaea Geogn. 1855 (Ausg. 3), p. 260. 
1857. Pictet, Traité de Paleont., iv, p. 308. 
1862. Dujardin & Hupé, Hist. natur. des Zoophytes Echin., p. 105. 
1862. Hall, 15th Rep. N. Y. St. Cab. Nat. Hist., p. 143. 
1866. Schultze, Echin. Hifel Kalk., p. 103. 
1868. De Koninck, Bull. d. Acad. Roy. d. Belg. (Ser. 2), Tome iii (Extr. 
p. 63). 
1879. Zittel, Handb. d. Palzont., i, p. 347. 
1882. Quenstedt, Handb. d. Petrefactenkunde (Ausg. 3), p. 964. 
1885. P. H. Carpenter, Chall. Rep. Crinoidea, p. 158, ete. 
Syn. Hugeniacrinites Goldfuss (in part), 1826, Petref. Germ. i, 
p. 213. 
Syn. Aplocrinus d’Orbigny, Prodr. i, p. 102. 
Syn. (?) Dimorphocrinus d’Orbigny (Zittel). 

The first species of this genus was described by Goldfuss under 
Eugeniacrinites mespiliformis. Goldfuss did not know the con- 
struction of the plates, nor did Steininger who described the 
same species under Haplocrinus spaeroideus. F. Roemer, in 1844, 
gave a good description of the plates, but his way of interpreting 
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them was rather peculiar. According to his diagnosis, the calyx 
of Haplocrinus is composed of five basals. These, as he states, 
alternate with five ‘‘ para-basals,” of which three are separated 
from the basals by intervening plates (Costalglieder). He 
states further that, placed upon the sutures of two adjoining 
“ nara-basals,” there are five simple arms, which in their closed 
condition form a pentamerous “ Scheitelpyramide.” If it were 
true that the latter plates, which at their lateral union form con- 
spicuous grooves, were arms, this Crinoid would have no radials, 
and the basals would be radially disposed, contrary to the funda- 
mental rules of the class. The ventral pyramid had been errone- 
ously described by Goldfuss as composed of five series of eight 
to ten pieces longitudinally arranged, and it was this, likely, 
which misled Roemer. ‘The fact, however, is that the ventral 
surface is covered by five single trigonal pieces, arranged alter- 
nately with the upper ring of plates in the dorsal cup, and that 
the latter plates, as Goldfuss correctly stated, are provided with 
an articular facet upon which the arms moved. This was con- 
firmed by Miiller’s observation, who, in 1855, discovered in one of 
his specimens, resting upon the facet, a small brachial. 

Allman was the first writer who undertook to homologize the 
five ventral plates of Haplocrinus, Coccocrinus and Stephanocri- 
nus with the orals of recent Crinoids. It seems, however, that he 
was not aware of Muller’s discovery of arm joints, for he supposed 
that all those genera possessed recumbent ambulacra. A similar 
view was held by d’Orbigny. Schultze calls the ventral plates 
“interradiale Pyramidenstucke.” Zittel describes the ‘*‘ Kelch- 
decke ” to be composed of “ fiinf grossen, im Centrum zusammen- 
stossenden, dreieckigen Oral-platten, welche eine Pyramide bilden, 
und zwischen sich funf breite, gerade, durch die abgeschragten 
Seitenflachen begrenzte, nach unten geschlossene, nach oben offene 
Ambulacralfurchen bilden.”” There is nothing to confirm this 
view, and, in fact, we do not know how this could have been 
possible. It is difficult to see what office the so-called “ open 
ambulacral groove” could have had, especially if Haplocrinus 
possessed arms, as Prof. Zittel admits. The grooves, evidently, 
are mere compartments for the reception of the arms, and served 
for their protection. Carpenter agrees with Zittel that the ven- 
tral plates are orals, but opposes his open ambulacra. He regards 
the genus to be “ permanently in the condition of a Pentacrinoid 
larva with a closed tentacular vestibule.” We fully agree with 
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him that Haplocrinus is a persistent larval form, but do not 
understand how the five large plates, which occupy almost the 
entire ventral surface, and as much as one-half of the whole test, 
possibly can represent the orals in a Paleocrinoid, as all other 
genera of this group in which the ventral covering has been 
observed, have largely developed interradials, and these, whether 
composed of one or a series of plates, extend up invariably to a 
comparatively small area surrounding the peristome. We, there- 
fore, regard the small central piece as the homologue of the orals, 
and not the five large plates which we take to be interradials. 

The basals of Haplocrinus were described by Dujardin and 
Hupé to be composed of three pieces in place of five. The three 
small plates alternating with the basals, the ‘‘ Costalglieder” of 
Roemer, which are radial in position and support three of the 
arm-bearing plates, were called by Schultze “ parabasalia,” by De 
Koninck “ subradials,” while Muller, Pictet and Zittel called them 
“first radial plates.’”’? The term parabasals was used by Schultze 
for basals in dicyclic Crinoids, and, therefore, cannot be applied 
to radial plates, neither can the name “subradials,” as also this 
term has been used in the same sense. We regard the three plates 
as representing mere sections of the radials, which, jointly with 
the arm-bearing part above, are equivalent to one of the undi- 
vided radials of the other two rays. 

Generic Diagnosis.—Of very small size. Form of calyx sub- 
globose, sometimes biturbinate, extending almost over the whole 
ventral surface. The summit pieces are represented only by a 
small oral plate. 

Basals five, small, pentagonal, forming a shallow cup with 
slightly acute angles. MRadials very irregular, two of them 
consisting of single pieces, the othér three of two plates each, 
connected by suture. The two single plates, which agree in 
size—but not in form—with the compound ones, belong to the 
anterior ray and left postero-lateral one; they are heptagonal 
and almost of the same form and size. The three compound 
ones differ from one another ; two of the lower segments are pen- 
tagonal, that of the right anterior ray hexagonal, its left lateral 
face being angular. The upper segments are quadrangular, 
except the one of the right postero-lateral ray, of which the 
lower corner is slightly truncated. The articular faces form a 
straight line, and occupy about one-third the width of the radials. 
They enter deeply the upper surface of the plates, and form at 


86 PROCEEDINGS OF THE ACADEMY OF [1886. 


each side of them a rather conspicuous upright projection, which 
is truncated at the upper face. These projections are laterally 
connected in pairs, and each pair supports a large interradial 
plate, which almost covers the whole ventral surface. The five 
interradials join with one another; they are subtrigonal, their 
angles truncated; the upper angle so as to admit a small oral 
plate, the other two to make space for the articular facet. The 
sides of the plates along their suture line are beveled, thereby 
producing along the suture line, in a radial direction, a deep 
groove, which, evidently, was occupied by the arms in their 
closed condition. Beneath these grooves there is an opening in 
the test, at which the ambulacra enter the calyx. The openings 
contain along their median line the ambulacral passage, which is 
oval in form. At each side of it there is apparently another 
opening, which Schultze described as “ kleine grubenartige Ver- 
tiefungen,” whose functions we cannot understand unless they 
are in connection with the respiratory apparatus. There is no 
anal plate; the anal opening is small, and penetrates the upper 
part of the interradials close to the oral plate. 

The arms are imperfectly known, but they probably were long, 
simple, and composed of long joints, like those of the Larvi- 
formia generally. The articulation upon the radials was by 
muscles, the axial canals being plainly visible. Column eylin- 
drical. 

Geological Position, etc—Haplocrinus seems to have had a 
wide vertical range, three species being from the Devonian, the 
fourth one, according to De Koninck, from the Carboniferous (7). 

The following species have been described :— 


1862. Haplocrinus clio Hall, 15th Rep. N. York State Cab. Nat. Hist., p. 143, Pl. 1, 
figs. 5-9.—Marcellus Shale. Onondago Co., N. Y. 

1868. H. granatum De Koninck, Bull. d. Acad. Roy. de Belg. (Ser. 2), Tome iii, 
No. 4, Pl. 5, figs. 6-10.—(?) Mountain limest. Bolland, Yorksh., England. 

1826. H. mespiliformis (Goldfuss), Eugeniacrinites mespiliformis, Petref. Germ., 
i, p. 213, Pl. 64, fig. 6—Haplocrinus speroideus, 1834, Steininger, Bull. 
Soc. Geol. de France, Tome viii, p. 232.—Haplocrinus mespiliformis F. 
Roemer, 1844, Rhein. Uebergangsgeb., p. 16; also Leth. Geogn., 1855 
(Ausg. 5), p. 261.—Pictet, 1857, Traité de Paléont., iv, Pl. ¢, fig. 2—Bronn, 
1860, Klassen d. Thierreichs (Actinozoa), Pl. 28, fig. 4 A-C.—Dujardin and 
Hupé, 1862, Hist. Nat. des Zoophytes Echinod., p. 105, Pl. 5, fig. 9.— 
Schultze, 1866, Echin. Hifl. Kalk., p. 104, Pl. 12, figs. 10, 11.—Devonian. 
Hifel, Germany. 

1844. H, stellaris Roemer, Rhein. Uehbergangsgeb., p. 63, Pl. 3, fig. 5; also Sand- 
berger, Jahrbuch, 1845, p. 777.—Roemer, 1855, Lethxa Geogn. (Ausg. 3), 
p- 261.—Devonian. Nassau, Germany. 
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ALLAGECRINUS Ether. & Carp. 


1881. Ann. and Mag. Nat. Hist. (April), pp. 281-298. 
1884. De Loriol, Paléont. Francaise (Serie i), Tome xi, p. 46. 


Allagecrinus was made by Etheridge and Carpenter the type 
of a distinct family, and this was accepted by De Loriol. In 
our opinion it is either a Haplocrinoid or no Palzocrinoid at all 
If the five ventral plates, as E. and C. assert, are orals, which in 
the younger specimens extended to the radials, closing in the 
tentacular vestibule, but in their subsequent stages were “rela- 
tively carried inwards, away from the radials, and separated 
from them by perisome,”’ we should regard Allagecrinus a 
Neocrinoid. If, however, it is a Palsocrinoid, we think the five 
ventral plates are interradials, which in the young Crinoid were 
closed, and gradually opened out so as to expose the summit 
plates. In this case, Allagecrinus was in its earlier life morpho-' 
logically in a similar condition as Haplocrinus, but may have 
attained in the adult a somewhat higher degree of development. 

Messrs. Etheridge and Carpenter state on p. 284 of their paper 
on Allagecrinus, that the mouth in the larger specimens could 
not have been “ roofed over or closed by a dome or vault of any 
kind,” for “if such a structure had existed within the circle of 
radial plates, it would assuredly have been preserved.” To this 
we reply, that the summit structure of Symbathocrinus which is 
comparatively solid was discovered after hundreds of the most 
perfect specimens had been examined, and until then it was 
regarded as membranous; the same was the case in Cyathocrinus. 
Allagecrinus in its more advanced stages, may have attained the 
conditions of Haplocrinus or Symbathocrinus, or even of Cyatho- 
crinus, and passed perhaps through all those phases successively ; 
but there is not the least evidence that the Scheitelplatten in any 
Paleocrinoid were carried inward by perisome as in the Neo- 
crinoidea. 

The same writers remark on p. 286, that “in none of the 
smaller specimens is there any trace of an anal opening, either 
directly piercing an oral plate, or at the margin of the dome 
between the orals and radials.” And they state further, that 
“the central end of one or more of the former may be marked 
by tubercles, but we cannot suggest any explanation of these.” 
If E. and C. had regarded these tubercles as mere ornamentations, 
they certainly would have stated so. We judge from their figs. 
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5 and 7b, on PI. xvi, that one of the tubercles was larger than 
the others. The larger one may have been pierced by the anal 
opening, for it occupies relatively the same position as the anal 
opening in Haplocrinus. 

We cannot agree with Etheridge and Carpenter that Poterio- 
crinus isacobus Austin, which we referred (Rev. I, p. 1138) to 
Scaphiocrinus, is an Allagecrinus. The little cup, which Austin 
figured on PI. 8, fig. 4, of his Monograph, is evidently a ring of 
underbasals, with a few stem-joints attached to it, and not basals. 
To judge from the figures, there is in our mind scarcely a doubt 
that, in some way or another, the calyx in the type-specimen 
became detached, that the basals and radials were lost, and the 
underbasals temporarily fastened to the arms for safe-keeping. 
Similar detached cups are frequently found in the Burlington 
limestone, and we doubt if there will ever be found a species of 
Allagecrinus with branching arms. 

Generic Diagnosis.—Crinoid minute. Calyx pyriform or 
cylindro-conical. The dorsal cup composed of two rings of five 
plates each; the ventral surface, so far as known, of five single 
pieces. There are no anal plates, neither dorsally nor ventrally. 

Basals five ; suture-lines rarely visible. Radials five, elongate, 
variable in form and size; they are either axillaries and support two 
simple arms, or truncate above and bear a single arm, but neither 
one of them is branching; when axillaries, they are considerably 
wider. The articular facets for the attachment of the arms are 
large and distinct, and nearly horizontal in position, so as to 
give a projecting lip-like appearance to the upper and outer 
edges of the radials. There is a transverse articular ridge 
around the opening of the central canal, which is large. The 
arms are strong, cylindrical, and probably without pinnules. 
The first arm-joint is much shorter than the others, cuboidal, 
with a nearly circular distal face, the succeeding ones elongate, 
three and four times as wide as high. 

The construction of the ventral surface is only known in the 
younger specimens, in which it consists of five interradial plates, 
which form a closed pyramid, the relative size of which is 
greater the smaller the’ specimen. ‘The plates are trigonal, but 
the lower angles slightly truncate to form the arm-opening. In 
the smaller specimens, the plates are so closely united, that there 
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is no trace of sutures between them; but the sutures gradually 
become more marked, and turn in the larger ones into rather 
distinct grooves. No central plate has been observed as in 
Haplocrinus, and nothing is known of the ventral surface in any 
of the larger specimens. Column short, of vermiform appear- 
ance; composed of small, low, rounded joints, with a circular 
central canal. 


Geological Position, etc.—Restricted, so far as known, to the 
top of the Carboniferous limestone of Scotland and America. 


1881. Allagecrinus Austini Ether. and Carp. Type of the genus. Ann. and Mag., 
vol. vii, p. 289, Pts. 15 and 16.—Upper Carboniferous limestone of Scotiand. 
1882, A. Carpenteri Wachsm., Bull. I, State Mus. Nat. Hist., p. 40; also Geol. Rep. 
Illinois, vol. vii, p. 341, Pl. 29, fig. 14.—Kaskaskia group. Monroe Co., Ill. 


Famity XIV.—SYMBATHOCRINIDA, W. and Sp. 


We refer to this family the genera: Symbathocrinus, Phimo- 
erinus, Stylocrinus, Stortingocrinus, Pisocrinus, Triacrinus and 
Lageniocrinus. Zittel made of these genera two families; he 
placed Symbathocrinus, Phimocrinus and Lageniocrinus, to which 
he added Cupressocrinus, under the ‘“Cupressocrinide,” and 
Pisocrinus, Triacrinus, with Catillocrinus, under the ‘Piso- 
crinidex.” These groups were adopted by De Loriol and S. A. 
Miller. We willingly admit that Cupressocrinus agrees with 
Symbathocrinus and Phimocrinus very closely in the mode of 
articulation and in the arm structure; but they differ essentially 
in other points. Cupressocrinus has a large dorsal cup, basals and 
underbasals, and three or four large peripheral canals, which fol- 
low the column. Nothing of this has been found either in Sym- 
bathocrinus or Phimocrinus, which both have a very small dorsal 
cup, and a small central opening along the column. After sepa- 
rating Cupressocrinus, and making Symbathocrinus the type of 
the group, it is extremely difficult to establish family distinctions 
between Symbathocrinus and Zittel’s Pisocrinide. Not even the 
irregularity in the construction of the calyx will hold good, as 
also in Symbathocrinus the symmetry is disturbed by the 
presence of an anal plate. Catillocrinus, which also had been 
identified with these groups, has a ventral sac, and has been 
referred by us to the Fistulata. 


7 
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SYMBATHOCRINUS Phillips. 


(Pl. 4, figs. 8 to 11, and Pl. 5, figs. 12 to 14.) 


1836. Phillips, Geol. Yorksh., Pt. ii, p. 206. 

1843. Austin (in part), Monogr. Rec. and Foss. Crin., p. 98. 

1850. D’Orbigny, Prodrome de Paléont., i, p. 156. 

1852. Owen and Shumard, Geol. Surv. Ia., Wisc. and Minns., p. 597. 
1854. McCoy, Syn. Brit. Palzeoz. Foss. 

1858. Hall, Geol. Rep. Iowa, Vol. i, Pt. ii, p. 559. 

1868. Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 824. 
1873. Meek and Worthen, Geol. Rep. Ill., Vol. v, pp. 324 and 437, 
1875. Meek and Worthen, Geol. Rep. Ill., Vol. vi, p. 514. 

1879. Zittel, Handb. d. Palzontologie, i, p. 349. 

1880. Wetherby, Journ. Cincin. Soc. Nat. Hist. (Extr., p. 7). 


Not Symbathocrinus Roemer 1855, Miiller 1855, Schultze 1866 = 
Stylocrinus Sandberger. 


The genus Symbathocrinus, as it is now recognized, contains 
two distinct generic types. The one which occurs in the Car- 
boniferous and upper Devonian has a large anal plate, and this 
supports a long tube which extends to nearly the whole length 
of the arms. The other form, which is restricted to the lower 
Devonian, has no anal plate, nor does it show an anal opening. 
The Carboniferous form will be recognized by us as Symbatho- 
crinus, the other as Stylocrinus. 

When Phillips proposed the name Symbathocrinus he gave no 
description, he only stated that the “ pelvis” was “ anchylosed.” 
The two Austins described Phillips’ species, but they also took 
the base to be undivided, and nothing was said by them about an 
anal plate, although they indicated it in one of their figures 
(Monograph, Pl. 12, fig. 46). Their fig. 4a is a totally different 
thing, and represents either a Graphiocrinus or Scytalocrinus. 
Owen and Shumard discovered the base of Symbathocrinus to be 
tripartite, and Prof. Hall was the first to describe the anal plate. 
The muscle-plate was taken by Zittel, and formerly by us, for a 
so-called consolidating apparatus, like the similar structure in 
Cupressocrinus, and homologous with the oral plates. It was 
also the general belief that the central space was not closed, and 
represented the mouth. 

Symbathocrinus granulatus and S. Tennessee Troost are cata- 
logue names, S. tabulatus (Goldfuss) a Scytalocrinus, and S. 
tennesseensis Roemer a Pisocrinus. 

Generic Diagnosis.—Calyx small. Dorsal cup obconical or 
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basin-shaped. Basals three, forming a shallow cup, which is 
slightly excavated for the reception of the column, They are 
composed of two larger equal pieces which are pentangular, and 
a smaller quadrangular one; the latter placed to the left of the 
anterior interradius as in Platycrinus. 

Radials nearly equal, subquadrangular; the basi-radial suture 
slightly angular; width much wider above than below. Their 
upper side forms a straight, horizontal line, except at the right 
postero-lateral radial, of which the left upper end is sloped off 
for the reception of an anal piece. The anal plate rests com- 
pletely upon this one radial, occupying about one-fourth of its 
upper width. The radials are provided with large articular facets, 
which, extending inwards and upwards, form jointly at the ventral 
side of the calyx a sharply angular pyramid with re-entering 
angles. The upper end of this pyramid is truncated, and con- 
tains a good-sized opening in the centre, which in perfect speci- 
mens is completely covered by the interradial and summit plates. 
The lateral margins of the facets meet at their lower ends, except 
at the azygous side, where they are separated by the anal plate; 
along their upper ends, however, they stand apart, and form 
rather conspicuous clefts. Hach facet is divided vertically by a 
narrow sinus,’ and the two halves of the plates or the limbs, as 
they. might be called, at their upper end form an ambulacral 
opening. 

The interradials are unusually small, wider than high; those 
at the four regular sides resting against the upper face of two 
limbs of adjoining radials. The number of interradials at the 
azygous side cannot be ascertained in our specimens, as the parts 
connecting the anal plate with the ventral surface of the calyx 
were not preserved. The anal plate stands in line with the first 
brachial, it has the same height but not its width, and is suc- 
ceeded by a slender tube which follows the whole length of the 
arms. Hall has figured a second anal plate, triangular in form; 
this, however, constitutes the lower portion of the first plate of 
the tube, which always takes a sharp inward turn, leaving only a 
small triangular space exposed externally between the arms. 
The tube is composed of five rows of quadrangular, rather 


1 These sinuses, which look somewhat like suture lines, give to the 
muscle plates the appearance of representing separate pieces, interradially 
disposed, and this led us at first to regard them as oral plates, 
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delicate plates, which are bent longitudinally so as to form an 
angle, and each plate extends to, and forms a part of, two of its 
sides. The interradials alternate with radial dome plates, which 
are even smaller, angular above. 

The summit is closed by the proximals and oral plate, all of 
which are much larger than the interradials. The proximals con- 
sist of four comparatively large, nodose plates, which enclose 
toward the azygous side three scarcely convex, smaller ones. 
The oral plate is the largest piece of the ventral side, it forms 
an inverted cup, containing radiating grooves along the inner 
floor, which lodged the ambulacra. 

Arms five, long, simple; closely folded together and forming a 
narrow, cylindrical body. They are composed of a large number 
of quadrangular joints, with parallel sutures, and are provided 
with a deep ventral furrow, but apparently have no pinnules. 
The first brachial differs somewhat in form from the others; it is 
always higher, extending to the level of the oral plate; also wider, 
but not quite as deep. Its proximal face is provided with a 
muscular appendage, which corresponds with that of the radials; 
its distal end, however, shows neither ridge nor fosse. The 
higher brachials in all probability were united by suture, and the 
arms moved as a body upon the radials. The articular faces of 
the latter are provided near their outer margin with a transverse 
ridge (PI. 5, figs. 12, 13), extending to the whole width of the 
plate, with a transverse axial canal. The ventral furrow is deep, 
has a longitudinal groove along the inner floor, and rib-like pro- 
jections alternating with grooves along the inner walls. The 
sides of the furrow are lined by two rows of short transverse 
side-pieces—about eight to each side of the arm joint—alternately 
arranged, which leave a zigzag median opening along the whole 
length of the arms. There are also lateral pores, one to every 
side-piece, and these connect with, and form the upper end of, 
the lateral furrows at the inner walls of the arm grooves to which 
we alluded. The lateral faces of the arm joints are provided 
along their outer side with shallow slanting grooves (PI. 5, figs. 
12,13), and these agree in number with the pores. It seems to 
us very probable that, by means of these grooves, the ventral 
furrow was brought in contact with the surrounding element, as 
the arms in this genus are so closely folded together, that with- 
out them no communication was possible. 
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Column long, cylindrical; with small central canal. 

Geological Position, ete.—Symbathocrinus, commenced in the 
Hamilton group, attained its greatest abundance in the two Bur- 
lington formations, and disappeared at the termination of the 
Keokuk period. 


1869. Symbathocrinus brevis Meek & Worthen, Proceed. Acad. Nat. Sci. Phila., p. 
68; also Geol. Rep. Illinois, vol. v, p. 439, Pl. ii, fig. 6.—Lower Burlington 
limestone, Burlington, Iowa. 

1836. §. conicus Phillips, Geol. Yorkshire, p. 206, Pl. 4, figs. 12, 13; Austin, Ann. and 
Mag. Nat. Hist., x, p. 108; also Monog. Ree. and Foss. Crin., p. 93, Pl. 11, 
figs. 5 b, e (not 5 a, which is a Poteriocrinoid); d’Orbigny, 1850, Prodr. i, p. 
156; McCoy, 1854, Syn. Brit. Palewoz. Foss., p. 118.—Mountain limest., 
Treland and England. 

1852. §. dentatus Owen & Shum., Jour. Acad. Nat. Sci. Phila. (new ser.), vol. ii, p. 
93, Pl. 11, fig. 7; also 1852, Geol. Rep. Iowa, Wisc. and Minnesota, p. 597, 
Pl. 5 B, figs. 7 « b.—Upper Burlington limest., Burlington, Iowa. 

1880. S. granuliferus Wetherby, Journ. Cincin. Soc. Nat. Hist., Pl. 16, figs. 5, 3 a. 
—Kinderhook gr., Kentucky. 

1858. S. matutinus Hall, Geol. Rep. Iowa, vol. i, p. 483, Pl.i, fig. 2—Hamilton gr., 
New Buffalo, Iowa. 

1860. §, Oweni Hall, 13th Rep. N. York St. Cab. Nat. Hist., p. 111.—Kinderhook 
gr., Rockford, Indiana. 

1861. S. papillatus Hall, Descr. New Crin. (Prelim. Notice), p. 18.—Upper Burling- 
ton limestone, Burlington (a mere variety of §. dentatus). 

1865. §, robustus Shumard, Trans. Acad. Nat. Sci. Phila., vol. ii (Paleozoic Foss. 
America), p. 397.—Meek and Worthen, 1885, Geol. Rep. Illinois, vii, p. 514, 
Pl. 29, fig. 4.—Keokuk limestone. Button-Mould Knob, Ky., and Sulphur 
Springs, near Nashville, Tenn. 

1858. §. Swallovi Hall, Geol. Rep. Iowa, vol. i, Pt. II, p. 672, Pl. 17, figs. 8 and 9.— 
(?) St. Louis limestone, Missouri. 

1869. S. Wachsmuthi Meek and Worthen (not 1866=— Catillocrinus Wachsmuthi), 
Proc. Acad. Nat. Sci. Phila., p. 67; also Geol, Rep. Illinois, v, p. 437, PJ. 2, 
fig..5.—Lower Burlington limestone. Burlington, Iowa. 

1859. S. Wortheni Hall, Geol. Rep. Iowa, vol. i, Pt. ii, p. 560, Pl. 9, fig. 9.—Upper 
Burlington limestone. Burlington, Iowa. 


PHIMOCRINUS Schultze. 


1866. Schultze, Monogr. Echin. Eifl. Kalk., p. 29. 
1879. Zittel, Handb. d. Palzontologie, i, p. 350, 
1882. Oehlert, Bull. Soc. Géol. de France, Ser. 3, x, p. 353. 


Phimocrinus agrees almost completely with Symbathocrinus, 
but it has five basals in place of three. It also has similar arti- 
cular facets, which, in a like manner, form a stelliform pyramid, 
of which, however, the summit plates have not been observed, 
The anal opening is situated between two muscle-plates, and 
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evidently was extended into a tube, as in Symbathocrinus. The 
form of the arms is not known. Column pentagonal, with a 
small pentalobate central canal. 

Geological Position, etc_—Phimocrinus is restricted to the 
lower part of the Devonian. 


1882. Phimocrinus Jouberti Oehlert, Bull. de la Soc, Géol. de France, Ser. 3, tome 
x, p. 352, Pl. 8, fig. 1.—Devonian. Sabré, France. 

1866. Ph. levis, Schultze (Type of the genus), Monogr. Echin. Hifl. Kalk., p. 29, 
Pl. 3, fig. 6.—Devonian. Hifel, Germany. 

1866. Ph. quinquangularis Schultze, Monogr. Echin. Hifl. Kalk., p. 30, Pl. 3, fig. 7. 
—Devonian. Hifel, Germany. 


STYLOCRINUS Sandberger. 
(Re-defined by W. and Sp.) 


1850. Versteinerungen Nassau’s, p. 400. 

Syn. Platycrinus (partim) Goldfuss, 18388. Nova Acta Leop. XIX, 
i, p. 345 ; also Quenstedt, 1852, Handb. d. Petrefactenk., Ed. 1, 
p. 618. 

Syn. Symbathocrinus (partim) Miller, 1855, Verh. naturh. Verein 
fiir Rheinlande, xii, p. 19; also Neue Echin. Eifl. Kalk., p. 257; 
Schultze, 1866, Monogr, Eifl. Kalk., p. 26; Zittel, 1879, Handb. 
d. Palzont., i, p. 349. 


Stylocrinus has been generally regarded as identical with 
Symbathocrinus, and Sandberger, when he proposed the name, 
failed to point out the generic differences. He applied the name 
to a species from Vilmar, which afterwards was found to be 
specifically identical with “ Symbathocrinus” tabulatus, from the 
Hifel. The absence of an anal plate, and even of an anal opening in 
the Hifel] species, was overlooked or disregarded by all European 
writers. Zittel described the ventral side of Symbathocrinus as 
plated, and containing an anal tube reaching to the tips of the 
arms; he also spoke of oral plates, which were said to form 
beneath the vault a concealed consolidating apparatus. This 
description, incorrect as it is, was evidently made from the 
Carboniferous form, as in the Hifel species nothing is known of 
the calyx beyond the radials. In Symbathocrinus the anal 
opening is located between two of the muscle-plates; but in the 
Hifel species, which we make the type of Stylocrinus, the mus- 
cular appendages of all the radials are suturally united. This 
suggests that the opening probably penetrated the interradials, as 
in Haplocrinus, and it may have had, like that genus, only an 
oral plate and no proximals. 
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In the construction of the dorsal cup, Stylocrinus agrees with 
Symbathocrinus. The two genera, however, differ in the articular 
extensions of their radials, which extend only inward, not 
upward, and form a level with the outer edges of the radials. 
The arms are composed of quadrangular joints, with parallel 
sutures, and they possess a deep ventral furrow. The column is 
circular, and consists of thick joints, those at the upper end 
being comparatively strong, but they are reduced very soon to 
less than one half of their greatest width. 

The only known species is :— 


¥*1838. Stylocrinus tabulatus (Goldf.), Platycrinus tabulatus, Nova Acta. Leopold. 
xix, i, p. 345, Quenstedt, Handb. d. Petrefactenk. (Ed. 1), p. 618, Pl. 54, 
fig. 25.—Symbathocrinus tabulatus, Miiller, 1855, Verh. naturh. Verein f, 
Rheinl. xii, p. 19, Pl. 4, figs. 4,5; Schultze, 1866, Monogr. Eifil. Kalk., p. 
27, Pl. 3, figs. 4, 5.—Devonian. Wifel, Germany. 

Var. alta Miiller, Verein f, Rheinl. xii, Pl. 4, fig.5; Schultze Monogr., Pl. 3, 
fig. 4. 

Var. depressa Miiller, ibid., Pl. 4, fig. 4; Schultze, ibid., Pl. 3, fig. 5. 

Syn. Platycrinus levigatus Goldf.; P. alutaceus, P. scrobiculatus, P. nodu- 
losus.—These names were applied by Goldfuss to specimens in the Museum 
of Bonn to mere variations of Stylocrinus tabulatus, but have never been 
published (Schultze). 

Syn. Stylocrinus scaber Sandberger, Versteinerungen Nassau’s, p. 400, Pl. 
35, fig. 12. 

Syn. Platycrinus gerolsteiniensis Steininger, Geogn. Beschreib. d. Hifel, 
p. ov. 


STORTINGOCRINUS Schultze. 


1866. Monogr. Echin. Eifl. Kalk., p. 69. 
Syn. Platycrinus (partim), Goldfuss and Wirthgen and Zeiler. 


Stortingocrinus agrees in the lower portions of its calyx with 
Platycrinus, to which it was referred by Goldfuss and Muller. 
That it does not belong to the Camarata, and hence is no Platy- 
crinoid, is shown by the mode of articulation, which is like that 
of Haplocrinus, and by the form of the radials, which, in the 
place of being notched, are extended upward, and support upon 
their limbs a single interradial as those of the Blastoids. 

Generic Diagnosis.—Basals three, unequal; two of them twice 
the size of the third one, which is rhomboidal. MRadials large, 
subquadrangular ; their articular facets deeply inserted, forming 
a depression with a slightly concave upper face. Their lateral 
margins of adjoining radials are connected by suture, they extend 
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upwards and inwards, forming partitions between the arm bases, 
leaving but a small space for the reception of the arms. 

Column round, with a stellate central canal, its angles directed 
radially. 

Geological Position, etc. Stortingocrinus is restricted, so far 
as known, to the lower beds of the Devonian of Europe. 


*1838. Stortingocrinus decagonus (Goldfuss) Platycrinus decagonus, Nova Acta 
Ac. Leopold. xix, i, p. 345.—Schultze, Platycrinus (Stortingocrinus) deca- 
gonus; Monogr. Echin. Hifl, Kalk., p. 70, Pl. 10.—Devonian.  Hifel, 
Germany. 

#1855, St. fritillus, (Wirthgen and Zeiler), Type of the genus. Platycrinus fritillus, 
Verh. naturh. Verein f. Rheinl., Jahrg. xii (n. ser.), p. 80, Pl. 10, figs. 4 and 

'5.—Schultze, Platycrinus (Stortingocrinus) fritillus, Mon. Echin. Eifl. 
Kalk., p. 69, Pl. 10, figs. 8-8 f.—Devonian. LHifel, Germany. 

Syn, Platycrinus asper, P. pusillus, P. rugosus, P. scobiculatus and P. 
scaber Goldfuss, and P. minutus Schurr. 

*1866. St. trifidus (Schultze), Platyer. (Stortingocr.) trifidus, Monogr. Echin. Hifi. 
Kalk., p. 70, Pl. 10, figs. 8a-g.—Devonian. Hifel, Germany. 


PISOCRINUS De Koninck. 


1858. De Koninck. Bull. de l’ Acad. Roy. de Belgique (Ser. 2), iv, p. 104. 
1873. Salter, Cat. Cambr. Museum, p. 128. 
1879. Handb. d. Palzontologie i, p. 348. 
1878. Angelin, Iconogr. Crin. Suec., p, 20. 
1879. 8. A. Miller, Journ. Cincin. Soc. Nat. Hist. (July). 
Syn. Symbathocrinus (in part), F. Roemer, Silur. Fauna, West 
Tenn., p. 55. 
Syn. (?) Triacrinus, Minster, 1839 (in part), Beitrige zur Petre- 
factenkunde, p. 4. 
Syn. Symbathocrinus (in part), Roemer, 1860, Silur., Fauna West. 
Tennessee, p. 55. 


Pisocrinus is closely allied to Triacrinus, but the latter is said 
to have three basals; Pisocrinus has five. The arrangement of 
the other calyx plates is identical, and also the arm structure. 
Schultze, who observed in the Hifel species only three basals, 
postulated from this that the Silurian species from Sweden, for 
which De Koninck had established the genus Pisocrinus, also 
consisted of but three plates. Angelin, who succeeded Schultze, 
and who had at his command the extensive collections of the 
Stockholm Museum, describes the genus with five basals, and all 
his figures show five plates. We also examined from the same 
horizon in America several hundred specimens of at least three 
species from Western Tennessee, all of which have five basals and 
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not three ; but in one of those species the basals are so small that 
they were almost completely covered by the column, and it appears 
as if the sutures between the plates of the second ring, of which 
only three touch the basals, were the sutures between the plates 
of the first ring. A similar structure is found in Pisocrinus 
pilula (Iconogr., Pl. 4, fig. 46), a species which in its general 
aspect is closely allied to Triacrinus depressus Muller. We do 
not pretend to say, however, that this species had five basals; it 
is very possible that two of these plates became anchylosed, and 
that the genus made its reappearance in the Devonian with only 
three basals. 


Generic Diagnosis.—Calyx in its general aspect clove-shaped, 
its form subconical, sometimes pyriform. 

Basals five, unequal; three of them larger and trapezoidal, the 
two smaller ones trigonal, which combined form an irregularly 
triangular cup. 

The radials are extremely irregular, only the two antero-lateral 
ones touching the basals. These two are more than twice as 
large as the other three plates; they are hexagonal, and have the 
same form and size. The anterior radial is triangular, with con- 
vex sides, and rests with its lower angle half way between the 
two larger ones. At the posterior side, the basals do not support 
a radial, but are succeeded by a pentangular azygous plate, which 
shares with the two large radials an equal part. The plate has 
the form of an axillary, is broadly truncate below, with short 
lateral faces, and is sharply angular above. The two postero- 
lateral radials meet above the azygous plate, resting upon its 
sloping upper sides, and against the upper half of the two larger 
radials. Their width is identical with that of the larger ones, 
and in a ventral aspect the radials appear to be perfectly 
symmetrical. 

Pisocrinus has similar articular appendages as Symbathocrinus, 
which cover a good part of the ventral surface. The articula- 
tion, however, does not occupy the whole width of the radials; 
there is at each side of the plates an upright extension, which 
together with that of adjoining radials produces interradially, 
between the arms, a conspicuous projection, similar to that of 
Haplocrinus, but more prominent. The construction of the ven- 
tral side is not known, the space beyond the articular faces is 
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open in all our specimens, but probably was covered in a similar 
manner as in Symbathocrinus. 

The arms are long, simple, rounded along the outer face, and 
less closely folded than in Symbathocrinus. They are composed 
of extremely long, single joints with parallel upper and lower 
faces. The column is circular and has a stellate central canal. 


Geological Position, etc.—Pisocrinus is restricted to the Upper 
Silurian, and occurs in Europe and America. 
Pisocrinus Dixoni Troost is a catalogue name. 


1878. Pisocrinus flagellifer Angelin, Iconogr. Crin. Suee., p. ye Pl. 4, figs. 1 a-e. 
—Upper Silur., Gothland, Sweden, 
1879. P. gemmiformis S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (July); Pl. 9, 
figs. 6 a~c.—Niagara gr., Riply Co., Indiana. 
1878. P. ollula Angelin, Iconogr. Crin. Suec., p. 21, Pl. 4, figs. 4 a-d.—Upper Silu- 
rian, Gothland, Sweden. 
1858. P. ornatus De Koninck, Bull. de Acad. Roy. de Belg. (Ser. 2), Tome 4 (Extr. 
p- 27), Pl. 2, figs. 12, 13.—Upper Silurian, Dudley, England. 
1858. P. pilula De Koninck (Type of the genus), Bull. de Acad. Roy. de Belg. 
(Ser. 2), Tome 4 (Extr. p. 26), p. 106, figs. 8-11; Angelin, 1878, Iconogr. 
Crin. Suec., p. 21, Pl. 4, figs. 4a, b—Upper Silurian, Dudley, England, 
and Gothland, Sweden. 
1878. P. pocillum Angelin, Iconogr. Crin. Suec., p, 21, Pl. 4, figs. 3, 3 a.—Upper 
Silurian, Gothland, Sweden. 
*1860. P. tennesseensis (Roemer), Symbathocrinus tennesseensis, Silur.. Fauna, 
West. Tenn., p. 55, Pl. 4, figs. 6a, b.—Niagara gr. Decatur Co., Tenn. 


TRIACRINUS Miinster. 


1839. Miinster, Beitrage z. Petrefactenk., p. 3. 
1850. D’Orbigny, Prodr. de Paleont., i, p. 104. 
1866. Schultze, Monogr. Echin. Eifel Kalk., p. 106. 
1879. Zittel, Handb. d. Paleont., i, p. 348. 
Syn. Zrichocrinus Miller, Monatsber. 1856, p. 354., and Neue Echin, 
d. Hifl. Kalk., p. 248. 


Triacrinus differs from Pisocrinus in having three basals in 
place of five, in all other characters the two forms are identical. 
We have some doubt whether the few species which have been 
referred to Triacrinus have not really five basals instead of 
three. In this case the genus would take the name Pisocrinus 
and not Triacrinus, although the latter has priority. Munster 
described the base as tripartite, making this the name-giving 
character, and De Koninck, who found five basals in his species, 
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was in our opinion perfectly justified in establishing for it a new 
genus. 


1857. Triacrinus altus (Miiller), Trichocrinus altus, Neue Echin. Hifl. Kalk., p. 249, 
Pl. 2, figs. 8-11.—Schultze, 1866, Triacrinus altus, Echinod. Wifl. Kalk., p. 
109, Pl. 12, fig. 9.—Devonian. Hifel, Germany. 

1857. T. depressus (Miiller), Trichocrinus depressus, Neue Echin. Eifl. Kalk., p. 249, 
Pl. 2, figs. 12-17.—Schultze, 1866, Triacrinus depressus, Echin. Hifl. Kalk., 
p. 108, Pl. 12, fig. 8.—Devonian. Eifel. 

1839. T. granulatus Miinster, Beitr. z. Petrefactenk., p. 4.—Upper Silur. (?). 
Schiibekammer, Germany. 

1839. T. granulatus Miinster, type of the genus, Beitr. z. Petref., p. 3, Pl. 1, figs. 
4a, b,c.—Devonian. Benitzlosau, near Hof, Germany. 


LAGENIOCRINUS De Kon. & Lehon. 


1853. De Kon. and Lehon., Recherch. sur les Crin. Carbon. de la Belg., 
p. 187. 
1879. Zittel, Handb. d. Palzontologie, i, p. 350. 


Zittel has placed Lageniocrinus along with Symbathocrinus and 
Phimocrinus, and we think for good reasons. We also agree 
with him that the five plates, which in the specimens cover the 
ventral surface, represent the arms and not radials as was sup- 
posed by De Koninck. These plates evidently could be opened, 
and there were plates underneath covering the calyx. Lagenio- 
crinus represents in our opinion an embryonic form, and may 
possibly be the young stage of Symbathocrinus. Of this genus 
we found a very minute specimen, in which the arms consisted of 
but three successive joints, forming jointly a pyramid; -while 
adult specimens sometimes have as many as a hundred. 


Generic Diagnosis.—General form flagon-shaped ; that of the 
dorsal cup funnel-shaped. Basals three, elongate, two of them 
larger and pentangular, the smaller one rhomboidal, which 
together form a tubular body which is slightly wider above. The 
radials are quadrangular, wider above than below. Two of them 
rest upon the truncate upper faces of the two larger basals, the 
three others against their sloping sides and against the upper 
sides of the smaller basal. There is no anal plate. The arms 
consist of single joints, which, folded together, form a pyramid. 
The ventral surface of the calyx is not known. 


1853. Lageniocrinus seminulum De Kon. and Lehon, Recherch. sur les Crin. Carbon. 
de la Belg., p. 189, Pl. 4, fig. 1 a-c.—Mountain limest. Visé, Belgium. 
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(?) RHOPALOCRINUS W. & Sp., Rev. i, p. 57. 


This genus was referred by us provisionally to the Ichthyo- 
crinide, where it cannot remain, as it has not the articulate 
structure so characteristic of that group. We now place it with 
the Inadunata, as the arms were evidently free from the first 
radials ; but we are yet in doubt if it should go with the Sym- 
bathocrinide, Cupressocrinide, Gasterocomide, or be made a 
distinct group. 


Famity XV.—CUPRESSOCRINIDZA Roemer. 


The Cupressocrinide in our classification consist only of the 
genus Cupressocrinus. Schultze, Zittel and De Loriol, however, 
added Symbathocrinus and Phimocrinus, which unquestionably 
differ from Cupressocrinus more than Pisocrinus and Triacrinus, 
for which they proposed a separate group. 


CUPRESSOCRINUS Goldfuss. 
(Pl. 4, fig. 1.) 


1826. Goldfuss, Petref. Germaniz, i, p. 330. 

- 1835. Agassiz, Mémoir Soc. des Sci. natur. d. Neuchatel, i, p. 198. 

1838. Goldfuss, Nova Acta. Ac. Leopold. XIX, i, p. 330. 

1839. Minster, Beitrage z. Petref., p. 3. 

1845. F. Roemer, Leonh. and Bronn’s Jahrbuch, p. 291. 

1850. D’Orbigny, Prodrome de Paleont., i, p. 102. 

1852. Quenstedt, Handb. d. Petref. (Ed. 1), p. 623. 

1855. Sandberger, Versteinerungen Nassan’s, p. 401. 

1855. F. Roemer, Lethewa Geognostica (Ausg. 3), p. 2380. 

1857. Pictet, Traité de Paléont., vol. iv, p. 306. 

1862. Dujardin and Hupé, Hist. natur. des Zooph. Echin., p. 110. 

1866. Schultze, Monogr. Echin. Hifl. Kalk., p. 14. 

1879. Zittel, Handb. d. Palzontologie, i, p. 348. 

1880. Quenstedt, Handb. d. Petref., Ed. 3, p. 962. 

1882. De Loriol, Paleontologie Franc., tome xi, p. 47, not Ad. Roemer, 
Harzegebirge, p. 8; nor McCoy, Syn. Brit. Paleeoz. Foss., p. 117. 
Syn. Halocrinites Steininger, 1831, Mem. Soc. Géol, de France, i, 

p. 349. 
Syn. Oypressocrinites Steininger, 1849, Verstein. Uebergangsgeb. 
d. Hifel, p. 20. 

Syn. Cypellocrinites Steininger, 1853, Geogn. Beschr. d. Eifel, p. 36. 


Goldfuss, in 1826 (Petrefacta Germania), gave a good descrip- 
tion of this genus, to which he made additions in 1838 (Beitrige 
zur Petrefactenkunde, p. 334). At both times he expressed the 
conviction that the ventral covering was probably membranous. 
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The arms he described as bearing “ sibelformige Tentakeln ” 
(pinnules), and in the description of Cupressocrinus gracilis he 
gave a graphic account of the articular facets of the radials. 
These, according to his statement, extend deeply inward, so as 
to diminish largely the width of the visceral cavity, which at the 
upper end is reduced to one half the depth of the facet. Behind 
the “* Nahrungscanal” (axial canal), he says, there extend out 
two diverging muscular extensions, which connect by a cross- 
piece, abut against their fellows of adjacent radials, and form 
together a star-shaped figure, composed of five pairs of leaves. 
The ventral surface, therefore, according to Goldfuss, consists of 
five coalesced muscle-plates, and not, as was supposed by 
Roemer, Schultze and Zittel, and heretofore by ourselves, of an 
independent plate or apparatus, peculiar to this genus. F. 
Roemer described it as a cribriform calcareous plate, in form of a 
five-leaved flower. Schultze speaks of it as five delicate plates, 
which join radially, four of them equal, the fifth one different 
and containing the anal opening. He calls it a consolidating 
- apparatus, constituting a part of the inner body, and not portions 
of the outer test; pierced by various openings, through which 
the blood-vessels, axial canals and genital organs passed into the 
arms. A similar view was held by Zittel, who stated: ‘“ There is 
in the interior of the calyx, at the base of the arms, a peculiar 
annular, so-called consolidating apparatus, composed of five 
large interradial (oral) plates, with a round (mouth) opening at 
the centre.” Also, De Loriol mentions a peculiar ‘‘ Consolida- 
tions-apparat, qui a été rapproché des hydrospires.” 

The views expressed by us, Rev. I, p. 12, to which De Loriol 
alludes, differ from those of our co-laborers. We held that the 
so-called ‘‘ consolidating apparatus ’” was composed of five oral 
plates, which we thought stood in connection with five pairs of 
hydrospires. To this interpretation we were partly led by a cer- 
tain superficial resemblance, but principally by the fact that 
Roemer, Schultze and Zittel, who had access to the splendid col- 
lections from the Hifel, all agreed that the plates in question were 
interradial in position. If this had been true, nothing could 
have been more natural but that these plates should be struc- 
turally identical with the deltoids of the Blastoidea, and the 
interradials of the Cyathocrinidx, which were then held by us to 
be oral plates. 
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A very different interpretation of the so-called consolidating 
apparatus has been given to us by Dr. P. H. Carpenter, who 
regards it as representing the united muscle-plates of the radials. 
He wrote to us as follows: “I look upon the consolidating 
apparatus as offering a surface for the attachment of muscles by. 
which the arms were moved on the calyx. The successive arm- 
pieces—I will not call them ‘joints ’"—were suturally united and not 
movable upon one another, so that. the arms were moved en masse 
upon the calyx, and this must have required very strong muscles 
between the calyx and first brachials. All that is ordinarily 
supposed to represent the articular face of the radials is shown 
in Schultze’s Taf. II, fig. 5 a, while that of the arm-base appears 
on fig. 7b. Now, it appears to me improbable that the heavy, 
massive arms of Cupressocrinus were moved by muscles which 
had no further surface of attachment—at their proximal end, at 
any rate—than is shown in Fig.5a. Symbathocrinus has large 
muscle-plates, but there is nothing of this kind in Cupressocrinus, 
without the consolidating plates. The calyx of Phimocrinus levis 
(Schultze, Taf. III, fig. 6a), corresponds to that of Cupresso- 
crinus, with the consolidating plates in situ. There is the same 
arrangement round the anal opening, of which there is absolutely 
no trace in Cupressocrinus, without the consolidating plates, and 
yet it is clear from Schultze’s description that he regards (rightly 
as I believe) the top of the calyx to be formed of the ‘ Gelenk- 
flachen der Radialia,’ with the anus between two of them. I 
cannot, therefore, help regarding the consolidating apparatus of 
Cupressocrinus as consisting of the united muscles-plates of the 
radials, from the lower portions of which they are apt to 
separate.” This seems to us a very reasonable solution of the 
question, and we fully agree with Carpenter. We have since 
found that the plates are not interradially disposed, nor do they 
form separate pieces; the sutures which we thought we observed 
are evidently radial sinuses, similar to those which we described 
in Symbathocrinus. 

The arm structure of Cupressocrinus was also pointed out 
more accurately by Goldfuss than by most of the succeeding 
writers. The outer and inner “ Querbalken ” of Schultze (Mon., 
Pl. 1, figs. 1 h, a, 8), are obviously the basal portions of incurved 
pinnules, and as such they were described and figured by Zittel. 
These pinnules, however, in the opinion of Carpenter, are not 
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homologous with those of other Crinoids, there being six or 
more of them to each arm plate, given off from each side, in 
place of one alternately arranged, a structure similar to that of 
the so-called pinnules of the Blastoids. Also their ambulacra, 
aside from not being recumbent and forming no part of the calyx, 
resemble closely those of the latter group. By removing the 
lancet piece and side pieces in Pentremites, and exposing the 
sinus, it will be found that the inner sides of the limbs are con- 
structed almost exactly as the inner walls of the arm-grooves in 
Cupressocrinus, as seen by a comparison with Schultze’s figure in 
his Monograph, Pl. ii, figs. 7 and 11. There are in both struc- 
tures deep, rounded transverse grooves, alternating with ridges 
which are truncate above, and each one of them is provided 
lengthways with a small furrow at the top. These furrows do 
not extend to the full length of the ridge, but are provided at 
their outer end with an articular facet for the attachment of a 
pinnule. The pinnules at their base do not touch laterally, but 
leave a small open space in the direction of the lateral grooves. 
These grooves form the outer half of a pore, similar to the 
hydrospire pores of the Blastoids, and like the latter probably 
are communicating in a similar manner with hydrospires, lodged, 
_however, within the arm grooves and not within the calyx. 
Schultze’s figures 1/ and 17, in our opinion, are incorrect. 
Cupressocrinus certainly had no such ‘“ Tentakel-Furche” as 
here represented, and we doubt if the genus possessed such 
minute irregular covering plates, either along the perisome or 
within the arms. 

Generic Diagnosis.—Dorsal side of the calyx basin-, cup- or 
bell-shaped, composed of rather large, heavy plates; when the 
arms are attached and closed, the form is ovoid or pyramidal. 

The basals consist of five equal, pentagonal pieces, which 
enclose an equilateral, undivided disk, formed by a coalescence 
of the underbasals, or, according to others, by the upper stem 
joint which became enlarged and as such took the place of the 
underbasals in other genera. 

Radials five, of similar form, wider than high, pentangular; 
the upper margins truncate, and forming a horizontal line. They 
are succeeded by five very short pieces, of the same width, which 
Schultze designated as ‘‘articularia ” and as parts of the calyx. 
The arms are wide, simple, closely folded together, and composed 
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of a single row of from 2 to 20 heavy, transverse pieces, of which 
the upper and lower sides are parallel. The arm plates grow 
narrower and shorter at their upper ends, they are suturally con- 
nected, and sometimes so closely anchylosed that no suture lines 
can be distinguished along the lateral margins of the arms. 

The radials are connected with large muscle-plates (PI. 4, fig. 
1), which are laterally anchylosed, and together form one con- 
tinuous plate. This covers the greater part of the ventral 
surface, leaving in the centre but a comparatively small, irregu- 
larly pentagonal open space, which, as we suppose from analogy 
with allied forms, was covered in the animal by interradial and 
summit plates. The median portions of each radial is pierced by 
two successive, rather large openings, of which the outer ones 
penetrate the upper margin of the plate, and serve as passages 
for the axial cords; the inner ones, which pass through the 
muscle-plate, probably are ambulacral openings. The muscle 
plate in its outer form is stellate, having five pairs of leaf-like 
extensions, two to each radial. They contain upon their outer 
faces indistinct strize, which from both sides concentrate toward 
the axial opening. The leaves become more delicate toward 
the periphery, especially interradially, where they are frequently 
broken, and the spaces, thus formed, appear in the specimens as 
if constituting natural openings. 

The articulation of the arms with the calyx was facilitated 
by the axillaria, which, like the radials, have an axial canal, 
and, according to Schultze, similar muscular processes. The 
articular face of the arms is truncate, sloping toward the inner 
side, and corrugated for the reception of ligament. The arm 
furrow is deep and wide, and contains along the inner floor an 
unusually large axial canal, which, to the extent of the proximal 
arm piece, is partitioned off from the ambulacral groove. The 
exact construction of the ambulacra is not known, but we judge 
they were plated in a similar manner as those of Symbathocrinus, 
aud not membranous as described by Schultze. They probably 
also were provided with lateral pores, and these were alternately 
arranged with incurved, articulated pinnules, resembling in form 
those of the recent genus Holopus, but arranged like those of the 
Blastoids, there being four or more to each arm joint. 

Cupressocrinus has been described to possess no anal plate, 
only an anal opening, located between two of the muscle plates, 
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It has been overlooked, however, that in the two radials adjoining 
the anal opening the passages of the axial cords are placed con- 
siderably to one side, leaving sufficient space for an anal plate 
such as we find in Symbathocrinus, and whose presence we postu- 
lated in Phimocrinus. That such a plate really existed, is more 
probable since we find in C. gracilis the margin which forms the 
anal opening at one side considerably raised, and there are 
irregular upper edgesas if these had formed the base of an anal tube. 

The column is circular, triangular or quadrangular, composed 
of short joints. It contains four large peripheral canals, rarely 
three or five, and a central one, which is either confluent with the 
others or isolated. It is frequently provided with cirrhi, which 
have two canals, vertically arranged, and these also are frequently 
confluent. 

Geological Position, etc.—Cupressocrinus is only known from 
the lower portions of the Devonian of Europe. 

N. B.—Cupressocrinus dubius and C. teres A. Roemer, and C. 
pentaporus Kichwald, were described from pieces of column; C. 
calyx McCoy = Hydreionocrinus calyx (Rey. ii, p. 131); C. im- 
pressus McCoy probably is Hupachycrinus. 

1858. Cupressocrinus abbreviatus Goldf., Nova Acta Ac. Leopold. xix, Pt. i, p. 333, 
Pl. 30, fig. 4. —D’Orbigny, Prodr, i, p. 102.—Roemer, 1855, Leth. Geogn. (Ed. 
3), i, p. 252.—Schultze, 1866, Echin. Hifl. Kalk., p. 19, Pl. ii, fig. 1, and PI. 
iii, fig. 3—Dujardin and Hupé, 1862, Hist. nat. Zooph. Echin., p. 112.— 
Devonian. LHifel, Germany. 

Schultze recognized the following varieties: C. alta, C. granulosa, C. hybida 
and C. minor. 

Syn. Halocrinites Schlotheimii Steininger, Mem. Soc. géol. de Francei, p. 349, 
Pl. 21, fig. 1. 

Syn. Cupressocrinus Schlotheimii Steininger, Geogn. Reschreib. d. Hifel, p. 
36, and Verstein. der Hifel, 1849, p. 21. ‘ 

Syn. C. pyrimidalis Stein., Bull. Soc. géol de France (Ser. i), ix, p. 295, Pl. 4. 

Syn. C. nodosus Sandberger, Versteiner. Nassau’s, p. 401, Pl. 35, fig. 5. 

Syn. C, Urogalli Roemer, Palwontgr. iii, p. 9, Pl. 2, fig. 7. 

1826. C. crassus Goldfuss (Type of the genus), Petref. Germaniz i, p. 212, PI. 64, fig. 
4; also 1838, Nova Acta Ac, Leopold. xix, Pt. i, p. 331, PI. 30, fig. 1.—Agassiz, 
1835, Soc. de Neuchat. i, p. 198.—D’Orbigny, 1850, Prodr. i, p. 102.—Bronn., 
Lethwa Geogn, | and 2.—F. Roemer, Leth. Geogn. i, 1855 (Ausg. 3), p. 232, Pl. 
4, figs 9 a, b,c —Bronn, 1860,Classen des Thierreichs ii, P]. 28, fig. 1.—Dujardin 
and Hupé, 1862, Hist. nat. Zooph. Echin., p. 112, PI. 5, fig. 12.—Schultze, 
1866, Mon. Echin. Hifl. Kalk., p. 23, Pl. 3, fig. 1—Devonian. Wifel, Germany. 

Syn. Cypressocrinus crassus Steininger, Geogn. Beschreib. d. Eifel, p, 36 and 
Versteiner. d. Hifel, p. 20. 
Syn. Cupressocrinus tetragonus Goldfuss, Nova Acta Ac. Leopold. xix, Pt. i, 
p. 332, Pl. 30, fig. 3. 
8 
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1838. C, elongatus Goldfuss, Nova Acta Ac, Leopold. xix, Pt. 1, p. 331, Pl. 30, fig. 2. 
—Miinster, 1839, Beitr. d. Petrefactenk., p. 3, Pl. i, figs. 1 a, b.—D’Orbigny, 
1850, Prodr. i, p. 102.—Schultze, 1866, Mon. Echin. Hifl. Kalk., p. 23, Pl. 3, 


fig. 1.—Dujardin and Hupé, Hist. natur. Zooph. Echin., p. 112.-—Devonian. 
Hifel, Germany. 


Syn. C. gerolsteinensis Stein, 1849, Verst. d. Hifel, 1849, p. 20. 
Syn. C, prismaticus Stein, 1849, zbid., p. 20. 
Syn. C, elongatus Stein, Geogn. Beschreib. d. Hifel, p. 36. : 
1826. C. gracilis Goldfuss, Petref. Germaniz, i, p. 213, Pl. 64, fig. 5: also Nova 
Acta Ac, Leopold. xix. Pt. I, p. 334, Pl. 30, figs. 5 a, b, e (not 5 d).—Steininger, 
1849, Versteiner. d. Hifel, p. 20.—D’Orbigny, 1850, Prodr. i, p. 102.—Dujardin, 
and Hupé, 1862, Hist. nat. Zooph. Echin., p. 113.—Schultze, 1866, Mon. 
Kehin. Hifl. Kalk., p. 23, Pl. 3, fig. 2.—Devonian. Hifel, Germany. 
1866. C. hieroglyphicus Schultze, Mon. Echin. Hifl. Kalk., p. 25, Pl. 1, fig. 3.— 
Devonian. WHifel, Germany. 
1866. C. inflatus Schultze, Mon. Echin. Hifl. Kalk., p. 24, Pl. 1, fig, 2.—Devonian. 
Hifel, Germany. 


1866. C. scaber Schultze, Mon. Hchin. Hifl. Kalk,, p. 25, Pl. 1, fig. 4—Devonian. 
Hifel, Germany. 


Famity XVI.—GASTEROCOMIDA. 


The Gasterocomid embrace the following genera: Gastero- 
coma, Nanocrinus and Myrtillocrinus. They were united by 
Pictet and by Dujardin and Hupé, with the Haplocrinide ; Roemer, 
Schultze, Zittel and De Loriol, however, treated them as a sepa- 
rate family. 

GASTEROCOMA Goldfuss. 
1838. Goldfuss, Nova Acta Ac. Leopold. xix, i, p. 350. 
1853. Steininger, Geogn. Beschreib. d. Eifel, p. 38. 
1857. Miiller, Neue Echin. Eifl. Kalk., p, 257. 
1857. Pictet, Traité de Paléont., iv, p. 314. 


1862. Dujardin and Hupé, Hist. natur. des Zooph. Echin., p. 109. 
1866. Schultze, Mon. Echin. Eifl. Kalk., p. 95. 
1879. Zittel, Handb. d. Paleont., i, p. 363. . 


Syn. Ceramocrinus Miller, 1855, Verh. naturh. Verein f. Rheinlande, 
xii (n. ser.), p. 83. 
Syn. Hpactocrinus Miller, 1855, zibid., p. 84. . 


Gasterocoma was described by Goldfuss to be composed of five 
basals and five radials, the latter as enclosing laterally an anal 
plate, and the anal opening as being located next to the posterior 
basal. This definition, although substantially correct, was after- 
wards modified by Schultze. He found that among species, and 
even among individuals of the same species, the construction of 
the azygous side undergoes most remarkable variations; such as 
in other groups would be sufficient for generic separation, The 
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anal opening in this genus, as a rule, is located between the 
radials. It either lies directly above the posterior basal, and is 
followed by a quadrangular or triangular anal plate, or the open- 
ing is situated above the anal plate. In the former case the two 
posterior radials may close above the opening, or be separated 
from one another by additional plates; the opening may even 
penetrate exceptionally the posterior basal. Miuller’s genus 
Ceramocrinus, according to Schultze, was founded upon a speci- 
men in which the anal plate was placed above the opening, con- 
trary to the typical form of Goldfuss, in which it was below. The 
name HL pactocrinus was proposed for a specimen with very irreg- 
ular basals, portions of which evidently had been destroyed or 
fractured, and were restored by the animal, and this may have 
produced the irregular form. The construction of the ventral 
side cannot be satisfactorily ascertained from Schultze’s figures. 
His figs. 1 f, and 17, on Pl. xii, which are said to represent the 
ventral surface of Gasterocoma antiqua, are so different from one 
another, that we believe there is a mistake in the figures. These 
figures differ again essentially from fig. 5 6, which is said to 
represent the same parts in Gasterocoma gibbosa. 

Generic Diagnosis— The lower disk has the form of a 
pentagon, and extends somewhat beyond the column. It is 
surrounded by five basals, four of them equal, pentagonal; the 
fifth larger, hexagonal, truncate above. 

Radials five, pentangular; three of them are equal, the two 
next to the azygous side irregular. The two latter enclose later- 
ally not only the anal plate, but also the anal opening, which is 
surrounded by a single ring of small plates, and either rests upon 
the truncated upper face of the larger basal, or is separated from 
the latter by an anal plate. In either case the anus, as a general 
rule, is succeeded by one or more anal pieces, which, however, in 
some specimens do not extend to the upper end of the radials, 
and in this case the radials meet above the anal plates. The 
radials have a lateral articular facet of the horseshoe form, which 
extends deeply into the plate. It is notched above for the arm 
furrow, and pierced by a large axial canal, which is removed far 
off from the outer edge of the plate. The arms evidently were 
heavy, and, to judge from the facets, were probably pendent. 

The mouth of Gasterocoma, according to the position of the 
central piece, was excentric. This central—or, as we call it, oral— 


108 PROCEEDINGS OF THE ACADEMY OF [1886. 


plate abuts against the two posterior radials; it is large, 
heavy, somewhat elongate, and surrounded anteriorly and later- 
ally by what may prove to be four proximals (?). The inter- 
radial plates appear to be small, but may be partly hidden from 
view by the large covering plates. 

The form of the column is not known, but it was, like in 
Cupressocrinus, perforated with a central canal and four per- 
ipheral ones, which were confluent at the centre. 

Geological Position, etc.—Confined to the Devonian of the 
Kifel. 

The following species have been described :-— 


1838. Gasterocoma antiqua Goldf. (Type of the genus), Nova Acta Ac. Leopold. XTX, 
i, p. 96.—Pictet, 1857, Traité de Paléont., iv, Pl. C, fig. 7.—Schultze, 1866, 
Echin. Hifl. Kalk., p. 96, PJ. 12, fig. 1.—Devonian. Hifel, Germany. 
Syn. Epactocrinus irregularis Miiller (Wirtgen and Zeiler), 1855, Verh. 
naturh. Verein. f. Rheinl., xii, p. 85, Pl. 12, figs. 5-8. 
1866. G. gibbosa Schultze, Echin. Hifl. Kalk., p. 98, Pl. 12, fig. 5.—Devonian. 
Hifel, Germany. 
1866. G. Miilleri Schultze, Echin. Eifl. Kalk., p. 99, Pl. 12, fig. 2.—Devonian. 
Hifel, Germany. 
Syn. Ceramocrinus eifliensis Miiller (Wirtgen and Zeiler), Verh. naturh. 
Verein f. Rheinlande, xii, p. 83, Pl. 12, fig. 2. 
1866. G. reticularis Schultze, Echinod. Hifl. Kalk., p. 99, Pl. 12, fig. 3—Devonian. 
Hifel, Germany. 
1866. @. stellaris Schultze, Echin. Hifl. Kalk., p. 100, Pl. 12, fig. 4.—Devonian. 
Hifel, Germany. 


NANOCRINUS Miiller. 


1856. Miller, Monatsber. d. Berl. Acad., p. 355. 
1857. Miiller, Neue Echinod. Hifl. Kalk., p. 249. 
1866. Schultze, Monog. Echin. Eifl. Kalk., p. 102. 
1879. Zittel, Handb. d. Palzontologie, i, 364. 


Nanocrinus is very closely allied to Gasterocoma, and had not 
Schultze found six specimens which all have the same irregular 
structure, we should feel inclined to regard it an abnormal form 
of that genus. According to Schultze, the genus has five basals, 
but only four radials; the place of the fifth one is said to be 
occupied by an interradial. The latter is strictly radial in posi- 
tion, and as such should be designated as a non-arm-bearing 
radial. 

Generic Diagnosis.—Basal cup as in Gasterocoma, but the 
plates less regular; four of them pentagonal, the posterior one 
considerably higher, hexagonal, truncate above. 
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Radials five, large, irregular in size, four of them arm-bearing, 
the fifth one not. The articular facet is lateral, horseshoe-shaped, 
and occupies almost the whole outer face of the radials. Three 
of the plates have a single facet, but the fourth, which is an 
axillary, has two, somewhat smaller than those of the others. 
The non-arm-bearing radial is smaller by more than one-half than 
any of the rest; it is hexagonal or trapezoidal, and sometimes 
altogether absent. The anal plate is placed between the lateral 
faces of two radials, and rests upon the truncate upper face 
of the larger basal. It is subquadrangular, somewhat excavated 
for the anal opening, which generally occupies the upper portion 
of the anal plate, occasionally, however, as in Gasterocoma, the 
lower side of it. The form of the arms is unknown. 

The interradials appear to be small, but probably are partly 
hidden from view by the unusually large covering pieces, which 
occupy the greater part of the ventral surface, and rest against 
the oral plate, which is extremely large, there being no proximals. 
The column, like that of Gasterocoma, is provided with a central 
canal and four peripheral ones. 

The only known species is :— 


1856. Nanocrinus paradoxus Miiller, Monatsber. d. Berl. Acad., p. 355; also Neue 
Echin. d. Hifl. Kalk.. 1857, p. 249, Pl. 2, figs. 18-21.—Schultze, 1866, Echin. 
Eifl. Kalk., p. 102, Pl. 12, fig. 7—Devonian. Hifel, Germany. 


MYRTILLOCRINUS Sandberger. 


1855. Sandberger, Versteiner. Nassau’s, p. 388. 

1857. Pictet, Traité de Paléont., iv, p. 311. 

1862. Dujardin and Hupé, Hist. natur. des Zooph. Echinod., p. 108. 
1862. Hall, 15th Rep. N. York St. Cab. Nat. Hist., p. 142. ‘ 
1866. Schultze, Mon. Echin. Eifl. Kalk., p. 96. 

We have not seen the original description of this genus, but 
we infer from the notes of Pictét, Schultze and Hall, that Sand- 
berger described it to possess a quinque-partite, quadri-canalicu- 
late base. In his figure it seems the central part was represented 
as undivided, and, curiously enough, the same is the case with 
Hall’s figure of the American species, although he mentions in 
the description “ five basals and five subradials.” We cannot 
understand how a base like this could have been divided into five 
parts—not four—aud, therefore, prefer, in default of further evi- 
dence, to regard it as undivided, although we are well aware that, 
if any such division did exist, it would prove most satisfac- 
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torily that also the lower plate in the allied genera is under- 
basal. Myrtillocrinus, in our opinion, is closely allied to Gas- 
terocoma, if not identical with it, but it is possible that the anal 
opening which has not been observed was subcentral, in place of 
lateral. It also appears from Hall’s figure, as if it had two arms 
from each ray, although there is but one axial canal, which occupies 
the central space of the facet. The facet in Hall’s species is oval 
and strictly lateral, thus indicating that the arms were pendent. 


Geological Position, etc —Only two species are known, the 
one from Europe, the other from America, both coming from 
lower Devonian beds. 


1862. Myrtillocrinus americanus Hall, 15th Rep. N. York St. Cab. Nat. Hist., p. 
142, Pl. 1, figs. 2-4—Upper Helderberg group. Livingston Co., N. Y. 

1855. M. elongatus Sandberger (type of the genus), Verstein. Nassau’s, p. 388, Pl. 
35, fig. 6.—Pictet, Traité de Paléont., iv, p. 311, Pl. ¢, fig. 4—Dujardin and 
Hupé, 1862, Hist. natur. d. Zooph. Echinod., p. 108.—Miiller, 1857, Neue 
Echin, Eifl. Kalk., p. 257.—Devonian. Nassau, Germany. 


b. Branch, FISTULATA, W. and Sp. 


The Fistulata embrace the Cyathocrinidz as they were defined 
by us heretofore, but which we now subdivide into Hybocrinide, 
Heterocrinidex, Anomalocrinide, Cyathocrinide and Poterio- 
crinidz. To these we add the Belemnocrinide, Astylocrinide 
and Encrinide. 

Zittel defined his Hybocrinide as follows: Calyx irregular ; 
basis monocyclic; basals 5; radials 5; arms slender, single- 
jointed ; pinnules wanting; and he placed in the family : Hybo- 
crinus and Anomalocrinus. His definition is deficient and not 
quite correct. It would admit Pisocrinus and Rhopalocrinus, 
which we recognize as members of very different groups; and it 
actually excludes Anomalocrinus, which has seven plates in the 
radial series and not five, and strong pinnules, which are wanting 
in Hybocrinus. 

Hybocrinus represents a very peculiar form. No other palzeo- 
zoic Crinoid deserves in so high a degree the designation embry- 
onic type as this genus, Hybocystites and the allied genera 
Hoplocrinus and Berocrinus, which Zittel took to be synonymous 
with Hybocrinus. These four genera, which are easily recog- 
nized by their monocyclic base, large body, imperfectly developed 
radial plates, small ventral sac, the embryonic state of their arms, 
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and the absence of pinnules, will be recognized by us as Hybo- 
crinidee. 

Among the Heterocrinide Zittel placed Heterocrinus, Graphio- 
crinus, Erisocrinus, Philocrinus and Stemmatocrinus. 

The family was defined as follows: Calyx regular; base mono- 
cyclic or dicyelic (five underbasals and five basals, or the latter 
only); five radials; arms long, simple, rarely bifurcating. The 
qualification “ calyx regular ” cannot be applied to Heterocrinus, 
which is one of the most asymmetrical forms of the Paleo- 
crinoidea, and this want of symmetry extends not only to the 
interradial series but also to the radial plates, and forms its best 
generic distinction. 

Neither does that term apply to Graphiocrinus, which is 
bilateral, nor Philocrinus, which we think is decidedly irregular. 
Only Stemmatocrinus and Erisocrinus have a pentamerous calyx, 
but these agree in other respects with the Poteriocrinide. 
Heterocrinus, in its general asymmetry, in arms and pinnules, 
and in its azygous side, closely resembles Anomalocrinus, which 
for other reasons we refer to a distinct family. We add to the 
Heterocrinide the two genera Stenocrinus and Ohiocrinus, which 
are founded upon species heretofore ranged under Heterocrinus, 
and unlike Zittel, place Graphiocrinus, Philocrinus, Stemmato- 
erinus and Hrisocrinus under the Poteriocrinide. 

Anomalocrinus, which we make the type of a distinct family, 
stands closer to the Heterocrinide than to the Hybocrinide, but 
differs from either of them very essentially in the relative size of 
the calyx, which is comparatively large, and low-cup or saucer- 
shaped in place of subcylindrical or narrowly turbinate. It 
further differs from all known Crinoids, recent or fossil, in the 
arrangement of its pinnules, which are not given off alternately 
from opposite sides, but from every successive joint on one side 
at a time from one bifurcation to the next, where they change on 
both rami to the opposite side. In the arrangement of the anal 
plates, and in having no underbasals, the Anomalocrinide agree 
with the Heterocrinide. 

The Belemnocrinide, which only contain Belemnocrinus and 
the imperfectly known genus Holocrinus, differ from the preced- 
ing families in having no underbasals; they have, however, large 
basals, cylindrically arranged, but even these take little or no 
part in forming the visceral cavity. In this regard Belemno- 
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erinus resembles Rhizocrinus, but it differs from that in having 
a strong porous ventral sac. 

Zittel’s Cyathocrinidz include Cyathocrinus, Nipterocrinus, 
Barycrinus, Huspirocrinus, Ophiocrinus, Botryocrinus, Palzxo- 
erinus, Carabocrinus, Spherocrinus and Pachyocrinus (Billings, 
not Hichwald), with the following family diagnosis: Calyx 
globose; basis dicyclic, composed of five underbasals and five 
basals ; anals 1-3; arms strongly developed, single-jointed, long, 
branching, without pinnules; ventral side covered by “ oral 
plates.” From his list must be excluded Nipterocrinus, which 
has interradials and only three underbasals, and Pachyocrinus, 
which is too imperfectly known to determine its position. There 
are besides Sicyocrinus, Ophiocrinus, Botryocrinus and Bary- — 
crinus, in which the arms, throughout their whole length, give 
off armlets at intervals, which evidently take the place of pin- 
nules if they are not true pinnules themselves. We direct atten- 
tion to this point, as both Zittel and De Loriol make the absence 
of pinnules in the Cyathocrinide the sole denne between 
this family and the Poteriocrinide. 

The presence or absence of pinnules has been considered by 
us heretofore as a doubtful character for distinguishing families. 
The pinnules are extensions of the arms, and in their organiza- 
tion, both morphologically and physiologically, almost identical 
with the arms. They are short branchlets given off along the 
sides of the arms, but ordinarily not extending to their tips. 
The pinnules differ from arms only by their containing the fertile 
portions of the genital glands, while the arms lodge the genital 
cord. The branches of the arms may be said to be modified 
pinnules, which differ from true pinnules in their greater length 
and thickness. They are usually called arms when attaining the 
form and length of the primary arms, but armlets when shorter, 
less robust, and given off at regular intervals. Frequently the 
branches are pinnule-bearing again, and this is the case in the 
Poteriocrinide, in which all arms, whether branching or simple, 
main arms or side arms, are fringed with true pinnules. The 
presence or absence of pinnules would prove to be a much better 
character for distinguishing the two groups, were it not that 
Barycrinus and allied genera represent a most perplexing transi- 
tion form in having short side branchlets, given off at regular 
intervals, and these branching off once or twice again in a similar 
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manner. In these genera it is exceedingly difficult to determine 
whether the branches are armlets or pinnules, a question which 
cannot be decided definitely until we know where the genital 
glands are located. It is probable that in the genus Cyathocrinus, 
at least in its Carboniferous form, all branches were arms. We 
found in C. multibrachiatus, along the three or four proximal 
arm joints, outside the adambulacral or side-pieces, small plates 
in rows of from four to six pieces (PI. 4, fig. T a,b), succeeding 
each other longitudinally, which perhaps took the place of the 
genital pinnules. No such plates, however, were represented in 
Barycrinus, in which the ventral grooves are comparatively 
narrow. Cyathocrinus longimanus has no regular pinnules, but 
certain sabre-shaped appendages, composed of five segments, 
which from each side infold over the ventral furrow, covering it 
completely. These appendages which we (Rev., i, p. 25) erro- 
neously took to be rudimentary pinnules,’ perhaps correspond 
with the so-called “ pinnules ” of the Cupressocrinide and Blas- 
toidea. 

Another good distinction between the Cyathocrinide and 
Poteriocrinidz is offered by their mode of articulation. The 
radials of the former have horseshoe-like facets for the brachials ; 
in the Poteriocrinidz they are more or less truncate along the 
upper margin, and united with the brachials by a transverse ridge, 
occupying a median line and frequently their entire width. The 
middle part of this ridge is pierced by an axial canal, and there 
is a kind of muscle plate with more or less conspicuous fosse. 
The outer edze of the plate is dentated and evidently was occu- 
pied by ligamentous bundles. In the Cyathocrinidz the arms 
are always bifurcating, and their branches are given off at close 
intervals ; those of the Poteriocrinide are frequently simple from 
the brachial bifurcation upwards, but when bifurcating, the 
divisions are given off irregularly, and branches and main arms 
bear pinnules alternately from every joint; there being no syzy- 
gies. The arm joints of the former, with the exception of Bary- 
crinus, are composed of long, slender joints with almost parallel 
sutures; those of the latter are shorter, heavier and strongly 
wedge-shaped, even interlocking. ‘The same mode of articulation 


1A similar interpretation at that time was given by us of the ambulacral 
plates covering the arm furrows of Cyathocrinus iowensis, a mistake which 
was rectified by Carpenter (Chall. Rep., pp. 63-66), 
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that unites radials and brachials, extends to all bifurcating 
plates of the Poteriocrinide. In Hrisocrinus, Hupachycrinus 
and Graphiocrinus, species with ten arnis, it is found also among 
the proximal arm plates, not, however, in the allied Scytalocrinus 
and Decadocrinus, in which all arm plates above the brachials 
are united by suture or elastic ligament. The same was prob- 
ably the case in species with branching arms, in which all inter- 
mediate joints between the axillaries are without either ridges or 
fosse. A sutural union also connects the brachials in cases 
where they consist of more than one plate, the apposed faces 
showing no traces of a syzygy or fosse. In the arms of the 
Cyathocrinidz there are, so far as observed, no articular ridges 
nor axial canals, and no ligamentous fossz, not even between 
radials and brachials, nor upon the axillaries. The apposed 
faces of all their joints fit closely together, the distal end being 
slightly concave, the proximal to the same degree convex, so 
that we may assert that their mode of union has been either by 
suture or of a somewhat similar nature, and that the arms were 
either immovable or their motions limited, and probably of a 
mere passive character. This difference in the articulation of the 
two types was noticed by J. 8. Miller when describing the typical 
genera, for he placed Cyathocrinus separately among Inarticulata, 
and Poteriocrinus among Semiarticulata. These names, as 
applied to the rays, are very characteristic of the two groups, 
for the Poteriocrinide are in their articulation much more highly 
differentiated, approaching in some cases the Neocrinoidea, 
Miller’s Articulata. 

In none of the Poteriocrinidee has the ventral covering, with 
the exception of the so-called ventral sac, ever been observed, 
while that of the Cyathocrinidze is comparatively well known. 
This, however, is partly explained by the condition of the radials, 
which in the Cyathocrinidz had ample space for the reception of 
interradials, contrary to the Poteriocrinide, in which the articu- 
lation extends over the whole width of the radials, and the inter- 
radials, partly or wholly, had to rest against the muscle plates as 
in the Symbathocrinidz. In the Cyathocrinid the interradials 
were persistent through life, but they may have become resorbed 
in the Poteriocrinide before reaching maturity. The condition 
of the ventral side among the Cyathocrinid varies considerably, 
and even among the species now referred to the genus Cyatho- 


1886. | NATURAL SCIENCES OF PHILADELPHIA. 115 


crinus there are several which range infinitely lower than others, 
and these should be placed under new genera. 

The azygous side of the Cyathocrinide consists rarely of more 
than two plates in the calyx—the azygous plate and the anal 
piece; but the Poteriocrinide generally have three, owing to the 
fact that the first plate of the ventral tube extends often into the 
calyx. The ventral sac is perhaps more club- or balloon-shaped 
in the Poteriocrinide, more cylindrical in the Cyathocrinide. 

We subdivide the Cyathocrinide into: 


DENDROCRINITES, genera with a large azygous and well-developed 
anal plate,embracing: Merocrinus, Carabocrinus, Dendrocrinus, 
Homocrinus, Ampheristocrinus and Parisocrinus. 


BotryocrINITEs, genera having no special azygous plate or 
occasionally a rudimentary one, and armlets in place of pinnules: 
Atelestocrinus, Vasocrinus, Botryocrinus, Sicyocrinus, Streblo- 
crinus and (?) Barycrinus. 


CYATHOOCRINITES, genera without azygous plate, with branching 
arms without pinnules: Cyathocrinus, Arachnocrinus, Gisso- 
crinus, Spherocrinus, Achradocrinus, Codiacrinus and (?) 
Lecythiocrinus. 

Zittel placed Gissocrinus among the Taxocrinidee, the perfectly 
symmetrical Codiacrinus among the most unsymmetrical Gastero- 
comide, and Ophiocrinus, Dendrocrinus and Homocrinus, which 
are devoid of true pinnules, among the Poteriocrinidie.! 

We subdivide the Poteriocrinidz as follows: 


PoTERIOCRINITES, genera having an azygous plate, a regular anal 
piece, and the first plate of the ventral sac enclosed in the calyx : 
Poteriocrinus, Scaphiocrinus, Scytalocrinus, Decadocrinus, Woodo- 
crinus, Zeacrinus, Hydretonocrinus, Celiocrinus, Hupachycrinus, 
Cromyocrinus and Tribrachiocrinus. | 

GRAPHIOCRINITES, genera without azygous or anal plate, but 
the first plate of the sac within the limits of the calyx: Graphio- 
crinus, Bursacrinus, Phiadocrinus and Ceriocrinus. 

ERISOCRINITES, genera without azygous or anal plate dorsally : 
Erisocrinus and Stemmatocrinus. 


1 Prof. Zittel figures, Handb. d. Palzont., i, p. 859, as type of the Poterio- 
crinide a species devoid of pinnules. Poteriocr. curtus Miller, is evidently 
a Homocrinus. 


116 PROCEEDINGS OF THE ACADEMY OF [1886. 


Our Poteriocrinidee contain essentially the same genera as those 
of Zittel, but we except from his list Homocrinus, Dendrocrinus, 
Agassizocrinus and Belemnocrinus. For the two latter we pro- 
pose distinct families. 

The Encrinide are closely allied to the Poterocrinidz, and we 
think will ultimately be consolidated with them. Nothing, as yet, 
is known of their ventral structure, but neither of that of the 
Poterocrinide except their ventral tube. There is nothing which 
proves that the ventral surface of Encrinus was composed of soft 
parts, or that it was exclusively perisomic or differed from that 
of the Poteriocrinidz which are universally regarded as Palzo- 
crinoids. The only difference which we have discovered is that 
in the Encrinide the brachials are united by syzygy and also 
the proximal arm plates ; contrary to the Poteriocrinide in which 
syzygies, so far as known, do not occur. 

Among Astylocrinidx, which represent the free floating Paleo- 
crinoidea, we include Agassizocrinus and Edriocrinus, the former 
with underbasals, the latter with basals only. It is very possible 
that Hdriocrinus will prove to be the type of a distinct family. 

The Catillocrinide contain: Catillocrinus and Mycocrinus. 
The allied Calceocrinide only the genus Calceocrinus. 

These ten families are defined by us as follows :— 


A. Hypocrinip&. Base monocyclic; calyx large compared 
with the arms. Basals 5, unusually large. Radials irregular, the 
postero-lateral one either unrepresented or very much smaller, and 
sometimes non-arm-bearing. Arms frequently undeveloped in 
one or more rays, or recurrent and appressed onto the outer 
surface of the calyx; simple, and without pinnules. Azygous 
side composed of a single, large azygous plate, and frequently an 
anal piece, which in form resembles the right posterior radial. 
Ventral sac very small, consisting of a mere tumor-like protu- 
berance. 

B. Hererocrinip&. Base monocyclic. Calyx small; plates 
irregular. Basals 5, variable. Radials irregular, frequently com- 
pound in one or more rays; the right posterior radial smaller, 
resting upon the azygous plate. Brachials consisting of two or 
more pieces, united by syzygy. Of the succeeding arm joints 
only every second, third or fourth one pinnule-bearing. Azygous 
plate large; anal plate consolidated with the right posterior 
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radial, which toward the left supports a series of anal plates ; 
toward the right the brachials. Arms long; the pinnules some- 
times take the form of arms, and attain the same general height. 
Column tri- or quinque-partite. 

C. ANoMATOcCRINIDA. Base monocyclic. Formirregular. Calyx 
capacious. Azygous plate large ; supporting the right posterior 
radial, which toward the right is succeeded by a row of brachials, 
and toward the left by the ventral tube. Arms composed of large 
quadrangular joints, giving off pinnules from one side only, from 
one bifurcation to the next, when all pinnules change to the oppo- 
site side. Column strong, central canal wide, stelliform, its pro- 
jecting angles directed interradially. 

D,. BELEMNocRINIDA. Base monocyclic. Basals large; cylin- 
drical; solid, only pierced by a narrow central canal with a shal- 
low coneavity at its upper end. MRadials small, quadrangular, 
enclosing an anal plate of the same form. Ventral sac large, 
club-shaped. Arms long with numerous syzygies, only every 
second or third joint pinnule-bearing. Pinnules long, often 
bifurcating. Column round or pentangular, frequently with long 
cirrhi given off interradially. 

#. CYatTHocRINIDH. Base dicyclic. Calyx globose, rarely 
turbinate. Radials with horseshoe-like lateral facets supporting 
at least two, but frequently several more brachials. Arms without 
true pinnules, but with branches in regular succession to their 
tips. Arm joints with a few exceptions long and narrow; quad- 
rangular with almost parallel sides; united either by suture or 
ligament, apparently not by muscles. Ventral sac large, cylin- 
drical. Column round or pentagonal; central canal rather above 
medium size, pentagonal, the projections directed radially. 


fF. Porertocrinip&. Base dicyclic. Calyx deep and _ turbi- 
nate, or shallow and disk-like, owing to the form of the under- 
basals, which are either extended into a cup, or are turned inward 
and concave. Radials somewhat irregular, of variable size, the 
right posterior one generally smaller; all truncated at the upper 
face. Brachials one or two, connected by suture; the lower or 
proximal face truncate. Arms simple or branching, with pinnules 
alternately arranged from every joint; without syzygy. Arm 
joints cuneate or interlocking. Articulation between brachials 
and radials by muscles and ligament, and also between the upper 
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faces of all axillaries and succeeding plates. Ventral sac large, © 
frequently inflated. Column more or less pentagonal, its outer 
angles placed interradially, the cirrhi radially. 


G. Enorinip&. Dicyclic. Closely allied to the Poteriocrinide, 
but, as a rule, without anal plates. Basals with well-developed 
axial canals proceeding to the radials. Their brachials com- 
posed of two pieces, united by syzygy, frequently with other 
syzygies in the higher portions of the arms. Arms biserial_or 
uniserial. 


H, AstTyLocrinip&. Pedunculate in earlier life, detached from 
the column and free-floating in the adult, but not cirrhus-bearing. 
Plates of the calyx massive, and hence the visceral cavity com- 
paratively small. Underbasals present or absent, and also the 
azygous piece is sometimes wanting; while the anal plate is 
always well developed. 


I, CATILLocRInIDz. Base monocyclic. The pentamerous sym- 
metry greatly disturbed by the unequal size of the radials. Those 
of the antero-lateral rays much larger and supporting many more 
arms. Arms simple; composed of single joints resting directly 
upon the radials, with a separate socket for each arm, and a furrow 
for each ambulacrum, Anterior ray, and both posterior rays 
rarely with more than one arm each. There is no azygous nor 
special anal plate, one of the posterior radials supports towards 
the left a large ventral tube, composed of a single row of heavy 
curved plates, longitudinally arranged, with an open furrow along 
their inner, 7. e., ventral side. Column circular. 


J. CALCEOCRINIDZ. Base monocyclic. Calyx laterally de- 
pressed; hanging downward from the column; composed of 
three unequal basals, three arm-bearing radials, and two azygous 
radials without arms. Basals and radials united by ligament, 
and toward the anterior side by muscles also. In the normal 
position of the crinoid, the basals are located posteriorly, 
and the three radials at the opposite side. Anterior radial 
smaller, compound; composed of two pieces, which frequently 
are separated by the overhanging sides of the two lateral radials. 
Arms of the lateral rays more numerous and branching ; anterior 
ray with a single arm, which sometimes dichotomizes toward the 
upper end. Anal tube as in the Catillocrinide. : 
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Famity XVII.—HYBOCRINID Zittel. 
(Emend,. W. and Sp.) 


BAEROCRINUS Volborth. 


1864. Volborth, Eine neue Crinoideen Gattung. (Author’s copy, p. 35). 

1865. Volborth, Bulletin St. Petersb. Acad., vol. viii, p. 178. 

1866. Volborth, Bulletin Soc. Imp. de Nat. de Moscow, ii, p. 442. 

1867. Grevingk, Archiv. f. Naturkunde Liv.-Ehst. und Kurlands, Ser. I, 
vol. iv, p. 110. 

1867. Grevingk, Uber Hybocrinus dipentas and Bueroer. Ungurni, Dorpat, 
p. 14. 


1882. P. Herb. Carpenter, Quart. Journ. Geol. Soc. London, August, 
pp. 298 312. 


1883. W.and Sp., Amer. Jour. Sci., vol. xxvi, November, p. 365. 
Syn. Homocrinus Eichwald (in part), 1865-66; Hybocrinus 
Schmidt (in part), 1874; Zittel (in part), 1879. 


The genus Baerocrinus has been a subject of much controversy 
ever since 1864, owing to doubts whether the genus should be 
admitted or rejected. It is unnecessary to give again a full 
history of these controversies, for which we refer to Dr. P. H. 
Carpenter’s paper “ On the Relations of Hybocrinus, Baerocrinus 
and Hybocystites,’ and to our notes ‘*On Hybocrinus, Hoplo- 
crinus and Baerocrinus,” in the American Journal, of 1883. 
Carpenter agrees with us and with Volborth and Grevingk that 
Baerocrinus is a good genus, and not, as suggested by Eichwald 
and Schmidt, an abnormal specimen of Hybocrinus dipentas. 
There has been also much difference of opinion as to the meaning 
of certain plates. The type specimen has on its surface, along 
the basi-radial suture, and between two of the plates within the 
second or so-called radial ring, a peculiar structure, composed of 
numerous, irregular pieces, and upon this, principally, Volborth 
founded the genus. He took this structure to be a madreporic 
body ; while Grevingk, Eichwald and Schmidt held it to be an 
accidental break in the test, due to mechanical agencies. Car- 
penter considered it to be the regular anal opening. He pointed 
out that it had the position of the anus in the Pentacrinoid larva 
at its earlier phases. 

We stated in our paper that we did not agree with any of those 
views. We think it possible that this structure may have served 
as an anal opening, but as an abnormal one, which had opened 
out when the regular opening became functionally defective. 
We also differ from other authors in our interpretation of the 
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plates. Those of the second circlet have been regarded all five as 
radials, and the calyx to the top of the radials as being perfectly 
symmetrical. It looks to us unreasonable, when we compare 
Baerocrinus with Hoplocrinus and Hybocrinus, and finding their 
structure in other essential points almost identical, that the one 
genus should be almost perfectly symmetrical, the other ex- 
tremely irregular. And, therefore, it is probable that one of the 
non-armbearing so-called radials represents an azygous plate, such 
as we find in most of the Fistulata, that the right posterior radial 
and the anal plate were as yet undeveloped, and that Baerocrinus 
had but four radials. This interpretation of the plates, it seems to 
us, is corroborated by the gradual disappearance of the azygous 
plate among allied forms in paleontological times, and by the 
contemporary increase in the dimensions of the right posterior 
radial and the anal plate. The two latter pieces probably were 
absorbed from the azygous plate: at first the posterior radial, 
which in Hoplocrinus took the right upper corner, the left side 
remaining intact ; afterwards in Hybocrinus the anal piece, which 
absorbed the left corner of the plate also.! 

All this goes to prove that Baerocrinus represents a very low 
organization, or is, according to P. H. Carpenter, “a permanent 
larval form.” . 

Revised Generic Diagnosis.—Form of the calyx cup- or goblet- 
shaped. Underbasals wanting. Basals five, subequal and com- 
paratively large. 

Radials large, irregular, only four of them developed, the right 
postero-lateral one absent. Three of the plates equal, the fourth 
one narrower. A large azygous plate occupies the same range 
with the radials and, like these, rests alternately upon the basals. 
It is undivided, and resembles the radials in form. In the type 
specimen only three of the radials are arm-bearing, the smaller 
one not having even an arm-facet. Arms five, simple throughout, 


1 Tn our paper on LZybocrinus, Hoplocrinus and Bacrocrinus, we stated 
that probably the azygous plate of the latter was homologous with the 
anal plate as represented in the larva of Antedon, In making this state- 
ment we had overlooked the fact that the latter plate is simply an inter- 
radial with special function, while the azygous plate in Baerocrinus is as 
much radial as interradial. They both agree, however, in being absorbed 
by other plates ; the azygous plate paleontologically by the right posterior 
radial and anal plate, the other in the growing animal over the whole 
surface. 
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composed of single quadrangular joints and destitute of pin- 

nules; the ventral grooves lined by alternate plates. Form of 
the anus, ventral covering and length of arms unknown. 

Remarks.—In our analysis, we have taken the absence of the 

right posterior radial to be a fixed character. It is, however, 

possible that this plate was exceptionally undeveloped in the 

type specimen, and in this case Baerocrinus Ungerni, the only 

known species of the genus, must be placed under Hoplocrinus. 

1864. Baerocrinus Ungerni Volborth, Bull. de Acad. des Sci. de St. Petersburg of 

1865, tome viii, p. 178, with plate (adv. sheet), November, 1864, p. 37.— 

Hichwald, 1859, described and figured under the name of Homocr. dipentas 

Letheca Ross., v, p. 183; and 1865, Bull. de Moscou, iii, p. 160.—Volborth, 

1865, Baerocr. Ungerni, Bull. de Moscou, iv, p. 442.—Hichwald, 1866, 

Homocr. dipentas, Bull. de Moscou, i, pp. 149-161, PI. 8, fig. h.—Grevingk, 

1867, Baerocr. Ungerni, Ueber Hoplocr. dipentas and Baerocr. Ungerni, 

with plate; also Arch. f. Naturk. Liv. Ehst. and Kurlands, Ser. I, vol. iv, p. 

110.—Schmidt, 1874, Hybocrinus dipentas, Memoires de ]’Acad. Imp. des 

Sci. de St. Petersb., Ser. vii, tome xxi, No. 11, p. 3, Pl. 1, Figs. 1-2.—P. 

Herb. Carpenter, 1882, Baerocr. Ungerni, Quart. Jour. Geol. Soc. London 

(August), pp. 298-312.—W. and Sp., 1883, Baerocr. Ungerni, Amer. Jour. 

Sci., vol. xxvi, November, p. 365.—Brandschiefer, Lower Silurian. LErras, 


Russia. 


HOPLOCRINUS Grevingk. 
1867. Grevingk, Ueber Hoplocr. dipentas and Baerocr. Ungerni, p. 9. 
1867. Grevingk, Arch. f. Naturk. Liev.-Ehst. und Kurlands, Ser. I, vol. 
iv, p. 110. 
1888. W. and Sp., Amer. Jour. Sci., vol. xxvi, November, p. 365. 
Syn. Aptocrinus, 1848, Leuchtenberg ; 1856, Eichwald.—Homo- 
crinus, 1859, Eichwald.—Hybocrinus, 1864, Volborth ; 1874, F. 
Schmidt ; 1879, Zittel ; 1882, Carpenter. 

Volborth, F. Schmidt, Zittel and Carpenter have made Hoplo- 
crinus a synonym of Hybocrinus, although they admit that the 
two forms differ in the construction of their azygous side. We 
have heretofore directed attention to the fact that the differences 
in the number and arrangement of the azygous and anal plates 
have been generally regarded as good characters for distinguish- 
ing genera, and especially among the Cyathocrinidx and allied 
families in which those plates frequently form the only means 
for generic separation. That the one azygous plate in Hoplo- 
crinus is equivalent to the two in Hybocrinus, which we have 
fully admitted, does not warrant an exception in this case, as the 
differences in the arrangement of the respective plates are 
evidently the result of modifications from one to another. We, 
py accept Grevingk’s genus, and give the following— 
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Generic Diagnosis.—General form pyriform, more protuberant 
upon the azygous side. Calyx composed of five basals, four 
large radials, and a large azygous plate. The latter with its left 
side extending to the upper margins of the four large radials, its 
sloping right side supporting the fifth radial, which is small and 
triangular, and, taken jointly with the azygous piece as one plate, 
the two resemble in form the four large radials, only that the 
arm-facet is pushed to one side. 

Basals large, pentagonal, nearly equal in size. Four of the 
radials pentagonal, the smaller one subtriangular, resting upon 
the right sloping upper side of the azygous plate, which is 
irregularly pentagonal. Arm-facets occupying scarcely one-third 
of the width of the radials. Arms simple, without pinnules; 
composed of quadrangular joints, arranged parallel to each other. 
Column cylindrical. 


The only known species is: 


1843. Hoplocrinus dipentas Leuchtenberg :(Apiocrinus dipentas), Beschreibung 
neuer Thierreste d. Urwelt von Zarskoje. Selo, p. 17, Tab. ii, figs. 9-10; 
also Hichwald, 1856, Bull. de Moscow, i, p. 115.—Homocrinus dipentas, 
1859, Eichwald, Leth. Ross., v, p. 583, Tab. 31, figs. a-e (excl. specimen 
from Erras).—Hybocrinus dipentas, 1864, Volborth, Bull. d. l’Acad. de. St. 
Petersb., Tome viii, p. 178—Homocrinus dipentas, 1865, Hichw., Bull. d. 
Moscow, No. iii, p. 159.—Hybocrinus dipentas, 1865, Volborth, Bull. de 
Mose., No. iv, p. 443.—Homocrinus dipentas, 1866, Hichwald, Bull. de 
Moscow, No. 1, pp. 149-161, Tab. 8, figs. 2, 3, 4.Hoplocr. dipentas, 1867, 
Grevingk, Uber, Hoplocr. dipentas and Baerocr. Ungerni, p. 10, figs. 1 a—/; 
also Arch. fiir Naturk. Liv. Ehst. und Kurlands (Ser. i), Vol. iv, p. 110.— 
Hybocrinus dipentas, 1884, Schmidt, Memoires de 1’Acad. Imp. des Sci. de 
St. Petersb., Tome xxi, No. 11, p. 3, Pl. i, figs. 4, 5,6; also Carpenter, 1882, 
Quart. Journ. Geol. Soc. London (August), pp. 298-312.—Hoploer. dipentas, 
1883, W. and Sp., Amer. Journ. Sci., Vol. xxvi (November), p. 365.— 
Vaginaten Kalk., Low. Silur, Pulkowa, Russia. 


HYBOCRINUS Billings. 


1857. E. Billings, Geol. Surv. Can. for 1853-56 (Rep. of Progr.), p. 275. 
1859. E. Billings, Geol. Surv., Decade iv, p. 23. 

1879. Zittel, Handb. d. Paleeont., i, p. 350. 

1879. W. and Sp., Rev. of the Palzocr., i, p. 74. 

1880. Wetherby, Journ. Cincin. Soc. Nat. Hist. (July). 

1882. Carpenter, Quart. Journ. Geol. Soc. London (Aug.), pp. 298-3812. 
18838. W. and Sp., Amer. Journ. Sci., Vol. xxvi, p. 365. 


When we defined Hybocrinus, Rev., Pt. i, p. 74, we regarded it as 
synonymous with Hoplocrinus and Baerocrinus, which, we have 
since shown, are generically distinct. However, in our late 
paper in the Amer. Journal we made some remarks upon the 
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azygous side, which must be modified. We asserted that the 
upper end of the anal plate possessed a peculiar crenulated sur- 
face, a structure which Wetherby had previously described, and 
which we thought we had observed also in some of his specimens. 
The fact that the so-called “crenulation ” was visible, more or 
less, in every specimen which Wetherby had sent us for com- 
parison, led us to believe that it was an organic structure, prob- 
ably of a similar nature as the pectinated rhombs of the Cystidea. 
We are now Satisfied that we had not sufficiently taken into con- 
‘sideration the peculiar state of preservation of Wetherby’s 
specimens, which are not only highly silicified, but the surface 
of the plates is badly weathered, and more or less destroyed. 
Through the kindness and liberality of Mr. Walter Billings we are 
now enabled to give a more satisfactory interpretation of these 
parts. On receiving our paper he promptly informed us that in 
the Canadian species of Hybocrinus the azygous plate was not 
crenulated, but crowded by numerous, very small pieces, forming 
a short pyramid. He accompanied his description with good 
figures, and offered us his specimens for examination. In these 
we found, resting upon the upper side of the anal plates, several 
rows of minute subquadrangular pieces, about six to the width 
of the plate, which together form a tumular protuberance without - 
any visible opening.- There appear, however, minute pores along 
the sutures, and it is evident that the protuberance represents a 
ventral sac, reduced to its minimum size. The crenulated 
appearance in Wetherby’s specimens is evidently the result of 
weathering, the apparent grooves representing the sutures 
between the small plates. A similar short protuberance has been 
observed in Hybocystites, and in all probability was present in the 
two other genera. 

No new species of this genus have been described since our 
first discussion. We found several specimens in the Trenton 
limestone, near Knoxville, Tennessee, but none of them perfect 
enough for specific identification. 


HYBOCYSTITES Wetherby. 

(Revised by W. and Sp.) 

1880. Wetherby, Cincin. Journ. Nat. Hist. (July). 
1882. P. Herb. Carpenter, Quart. Journ. Geol. Soc. London, pp. 298-312. 
Hybocystites combines, in a remarkable degree, some of the 
characters of Palzocrinoidea, Cystidea and Blastoidea. Wetherby 
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describes it as a Cystid, Carpenter was more inclined to place it 
with the Blastoids; while we take it to be a Palezocrinoid of low 
organization. 

There are several points in Wetherby’s description with which 
we cannot agree. He describes the mouth or ambulacral orifice 
as situated nearly centrally upon the upper surface. We had 
several of Wetherby’s best specimens for comparison, but were 
unable to observe in any of them an external oral orifice, and 
doubt if such an orifice existed in this Lower Silurian genus 
“‘upon the surface.” Neither can it be ascertained from the 
specimens whether there were proximals surrounding the oral 
plate. Wetherby further speaks of “a valvular anal opening, 
placed between the upper azygous plate and the mouth,” and he 
mentions “a proboscis or ventral sac” which was said to be 
“indicated by the presence of the upper azygous plate.” If it is 
meant that the so-called “ valvular opening ” is separated from 
the ventral sac, and we infer it from fig. 1 on Plate 5, which shows 
an irregular break upon the ventral surface in the direction to 
which he alludes, he is certainly in error. Even if an opening 
did exist, we doubt if he could have observed small, valvular 
pieces in specimens in which even the larger ventral plates cannot 
be distinguished. If he means that the anal opening is connected 
with the ventral sac, placed along its inner: or ventral side, we 
can partly agree with him. 

Wetherby described the genus as having in three of its rays 
arms like those of the Crinoidea, in the other two rays appressed 
ambulacra, such as occur in the Cystidea. He does not say any- 
thing about the length of the three arms, leaving it in doubt, 
whether he took the three projections to be only the stumps of 
the arms, or as representing their full length. He only mentions 
that the arms are composed of a single row of plates, that they 
are very deeply excavated at the inner side by the ambulacral 
furrows, and that the latter are covered by a closely interlocking 
series of small plates, having the same arrangement as those of 
the two appressed ambulacra. He mentions further a more or 
less obscure furrow upon the outer surface, ‘of which nothing 
further is known.” 

Carpenter, in his paper on Hybocrinus and Hybocystites, called 
attention to the fact, that in Wetherby’s figures, and in the speci- 
mens which he had examined himself, only one or two so-called 
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arm joints were shown, that from appearances there had been no 
others, and that these formed, in all probability, “‘ merely upward 
prolongations of the radials.” He states further that the ‘‘ more 
or less obscure furrow,” seen by Wetherby upon the outer surface 
of each arm, was in reality a recurrent ambulacrum, and that in 
his opinion the relations of Hybocystites are rather with the Blas- 
toids and “ Crinoids than with the Cystids.” Upon the latter 
point we cannot agree with him, although we admit that there are 
recurrent ambulacra in all five rays. We think, like Wetherby, 
that the ambulacra resemble decidedly those of the Cystids, and. 
not those of the Blastoids. Hybocystites evidently had no hydro- 
spires and no hydrospire pores, and the ambulacra, contrary to 
any of the Blastoids, extend beyond the radials down into the 
basals. Neither has it calicine pores, nor pectinated rhombs, and 
hence cannot be a Cystid, even if it has appressed ambulacra, 
which, we think, take the place of true arms. 

Among the specimens from the Canada Survey Museum, which 
we had the good fortune to examine through the kindness of Prof. 
Whiteaves, we examined the type of Lecanocrinus elegans Billings 
( Taxocrinus elegans W. and Sp.), one of the earliest of all known 
Crinoids, and which seems to be destined to throw light upon the 
peculiar ambulacra of Hybocystites. This beautiful and well- 
preserved specimen has upon the outer or dorsal surface of its free 
arms, upon each one of them, from their tips as far down as the 
top of the secondary radials, in addition to their regular ventral 
furrows a recurrent dorsal furrow, such as is found in Hybocys- 
tites upon the calyx, and dorsally and ventrally upon the two arm 
joints. These dorsal furrows are indistinctly represented by 
Billings in Decade iv, Pl. 4, fig. 4 a, although in the specimen 
they are well defined, and it appears as if they had been lined by 
a double series of alternating plates. Such dorsal furrows have 
since been identified also in the type of Taxocrinus levis by 
Walter R. Billings. That these furrows are continued from the 
ventral side, and as such form a part of the ambulacra, cannot be 
doubted, and is further proven by the fact that the furrows 
diminish in width as they descend the surface of the arms. In 
these species the regular furrows of the arms probably were not 
sufficient to supply the animal. This was certainly the case in 
Hybocystites, which in two of its rays has no brachial appendages 
whatever, and these consist in the three other rays of but a few 
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joints, the ambulacra resting almost exclusively against the dorsal 
side of the calyx. 

Hybocystites is one of the earliest and lowest forms of the 
Paleeocrinoidea ; it may be regarded as a permanent larval form 
of Hybocrinus, which had no arms, but in their place food grooves 
upon the dorsal side of the calyx. It is interesting that in this 
case as in that of Baerocrinus, which has similar relations to 
Hoplocrinus as this has to Hybocrinus, three of the rays are some- 
what higher developed than the two others. 

We propose the following :— 

Revised Generic Diagnosis.—Hybocystites agrees with Hybo- 
erinus in its general form, the arrangement and proportions of 
the plates in the calyx, in the ventral covering, and in the form 
and size of the ventral sac, but differs from that genus essentially 
in the arm structure. It has no underbasals; five large subequal 
basals, five radials, one of them much smaller and resting upon 
the right sloping upper side of the large azygous plate. The 
latter supporting at its left sloping side an anal plate, in form 
resembling the adjoining small radial. Arms rudimentary, of 
the most primitive kind, restricted to the two posterior rays and 
the anterior one. They consist, so far as known, of two quad- 
rangular joints, which are united with the radials by close suture. 
The joints are provided with an ambulacral furrow, which enters 
the calyx apparently at the top of the radials as in Hoplocrinus. 
This furrow passes from the ventral side of the two arm joints, 
over the top of the upper one, and follows the dorsal side of the 
plates until reaching the calyx, whence it extends upon the sur- 
face of the radials to the basals, either entering them or terminat- 
ing close to the basi-radial suture or along the face of the large 
azygous plate. The two antero-lateral rays have no arm plates 
whatever, but each is provided with an ambulacral furrow, pass- 
ing out from near the top of the radials, traversing these plates, 
and entering the basals. There is considerable irregularity in 
their position and length, but as a rule these latter furrows enter 
deeper into the basals than those of the three other rays. The 
furrows are provided with two rows of side pieces which are 
arranged in the usual way. 

Ventral sac short, as in Hybocrinus, provided along its ventral 
side with a small anal opening. Column circular, small. 
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The only known species is :— 


1880. Hybocystites problematicus Wetherby, Cincin. Journ. Nat. Hist. (July). 
P. Herb. Carpenter, 1882, Quart. Journ. Geol. Soc. London (Aug.).—Trenton 
gr. Mercer Co., Ky. 


Famity XVIIIL.—HETEROCRINID@ Zittel. 
(Emend, W. and Sp.) 


Zittel and S. A. Miller included among the Heterocrinide the 
genera Graphiocrinus and Erisocrinus, which both have under- 
basals, and which differ essentially in the plates of the azygous 
side. We place in this family only Heterocrinus, Iocrinus and 
our new genera Stenocrinus and Ohiocrinus. 

The Heterocrinide differ from the Cyathocrinide and Poterio- 
crinide in the absence of underbasals, in the arm structure, and 
the arrangement of their azygous plates. 

In 1866, Hall thought he observed in Heferocrinus two rings 
of five pieces beneath the radials, and he adopted the term basals 
for those of the proximal ring, and that of subradials for those 
of the succeeding one. Afterwards, it was proved by Meek, Ohio 
Paleont., i, p. 2, that the so-called “ basals ”’—proximal ring— 
were not plates of the calyx but parts of the column. He de- 
scribed the stem to be divided longitudinally, and the so-called 
“pasals,” which in their vertical range were said to correspond 
with the five segments of the column, as constituting the imper- 
fectly developed uppermost stem joint. Meek proposed for these 
plates the name “subbasals,” and called those of the next ring 
basals, while we used on Pt. I of the Revision the terms under- 
basals and basals, respectively, as we took all of them to be 
integral parts of the calyx. 

We have lately given this subject careful consideration, and 
found by grinding the column in various species, that important 
differences exist among the species originally referred to this 
genus. We found that most of them have a pentapartite column, 
of which the five sections alternate with the basals without form- 
ing a part of the calyx, but that the column of Heterocrinus 
simplex, Hall’s typical species, is tripartite, composed of three 
equal sections. 

We have elsewhere shown that whenever the column is divided, 
its sections alternate with the proximal ring of plates in the 
calyx. They are placed interradially when those plates are under- 
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basals, radially when they are basals, and as they have in Hetero- 
crinus and allied genera a radial position, we may assert that these 
genera had no underbasals. The Heterocrinid occupy, owing to 
the absence of underbasals, relatively, the same position toward 
the Cyathocrinidz and Poteriocrinide as the Actinocrinidz and 
Platycrinidz hold toward the Rhodocrinidz. They agree with 
the Cyathocrinide and Poteriocrinidz in having the azygous 
interradius extended into a porous ventral sac. 

The arms consist of single joints, are comparatively strong, 
and either bifurcate or remain simple from above the brachials. 
The pinnules are given off not from alternate joints, but alter- 
nately from each second, third or fourth joint. They are heavy 
and long, and sometimes bifurcate near their tips. In the 
typical form of Heterocrinus always two joints are connected by 
syzygy, but we are unable to prove the syzygy in species referred 
by us to Stenocrinus and Ohiocrinus, unless by the pinnules 
which are given off regularly from every third or fourth joint. 
Most probably in Jocrinus and Stenocrinus the pinnules, and 
sometimes even their branches, were developed into regular arms, 
for the divisions follow each other alternately and at regular 
intervals, and the branches have no further pinnules. 

The Heterocrinidz agree with the Hybocrinidz in the absence 
of underbasals, but differ essentially in the proportions of the 
calyx and ventral sac. In the former the calyx is extremely 
small, the ventral tube large; in the Hybocrinide, on the con- 
trary, the calyx comparatively large and the sac small. They 
also differ in the structure of the arms, which in the Hetero- 
crinide are more highly developed. 

The structure of the ventral side has been observed only in 
“ Heterocrinus juvenis,” where it is composed of five compara- 
tively large plates, which enclose a small oral plate. The ventral 
sac throughout the whole family is much stronger than in the 
Hybocrinidz, reaching sometimes the tips of the arms, and it is 
profusely perforated. 

Position, Locality, etc—Confined to the Lower Silurian of 
America. The Heterocrinide, although forming a neat little 
group by themselves, may be considered as the forerunners of 
several types which afterwards became distinct families. Hetero- 
crinus foreshadows the Belemnocrinidz, Jocrinus the Poterio- 
crinide, while Anomalocrinus is a prophetic type for the Cyatho- 
crinide. 
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1. HETEROCRINUS Hall (not Frass). 
(Restricted and redefined by W. and Sp.) 
1879. Revision Palzocr., Pt. i, p. 68. 


1880. Wetherby, Cincin. Journ. Nat. Hist., J uly number. 
1881. Wetherby, ibid., April number. 


Heterocrinus, as defined by Hall and revised by Meek, contains 
so widely different species that a subdivision becomes necessary. 
This has been conceded by previous writers. Wetherby, in 
describing his H. Milleri, expressed the opinion that in the com- 
parative size of the column, and in the plates of the calyx, that 
species differed sufficiently from Heterocrinus simplex to be sep- 
arated at least subgenerically. And a year later, he directed 
attention to his H. Vaupeli, which he thought to be very distinct 
in the structure of its arms. H. Vaupeli, if it is a good species, 
which we doubt, agrees in its arms and pinnules closely with Z. 
constrictus and H. laxus, with either of which it may be identical, 
but not with H. simplex, as suggested by S. A. Miller. The 
species heretofore referred to Heterocrinus vary in the composi- 
tion of their radials, in the structure of arms and pinnules, and 
in the column. AHeterocrinus simplex, Hall’s type, has five basals 
of varying form, owing to irregularities in the radials. The 
radials in two of the rays consist of a large single plate, two 
others are divided into two sections, and the fifth one rests upon 
the azygous plate, which agrees in size with the lower half of 
the compound radials. The compound plates consist of two 
pieces each, which together, agree closely in form and size with 
the two single plates. The brachials are large; they consist of 
two nearly equal plates, united by syzygy, and support ten heavy, 
simple arms. The arms, to their full length, are composed of 
syzygial joints, which, as we think, were connected by suture and 
not by articulation. The epizygal or pinnule-bearing pieces are 
slightly wedge-shaped, and alternate with one another; the lower 
or hypozygal ones rhomboidal, and their-upper and lower sides 
are parallel. Pinnules stout and comparatively long. 

All other species heretofore referred to this genus, with the 
exception of H. canadensis, which may be identical with H. sim- 
plex, have a somewhat different arm structure. Not only are the 
pinnules given off at greater intervals, but they attain the size 
and form of arms or armlets, which sometimes branch again, and 
extend to the general height of the primary arms. The latter 
agree also in having a strictly pentagonal and _ pentapartite 
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column, contrary to H. simplex, in which the column is stouter, 
almost circular, and regularly tripartite. The species with a 
quinque-partite column are divisible again into two groups, the 
one with a straight, comparatively small ventral tube, the other in 
which the tube is thread-like, convoluted, and even in its coiled 
state extending beyond the limits of the arms. We hold these 
differences important enough to make them the basis for another 
separation, proposing for the latter the genus Ohiocrinus, with 
H. laxus Hall = Ohiocrinus laxus as type, and for the other 
the genus Stenocrinus with H. heterodactylus Hall = Stenocrinus 
heterodactylus as type. 

Heterocrinus inequalis and H. articulosus Billings have been 
referred by us to Calceocrinus; H. crassus and subcrassus 
to Locrinus. 

The genus Heterocrinus thus restricted may be defined as 
follows :— 

Revised Diagnosis.—Calyx small; subcylindrical ; tapering but 
slightly from the column upwards. 

Basals five, more or less unequal, without underbasals; the so- 
called subbasals of Meek representing the upper stem joint. 

Radials very irregular, and varying among the rays in number 
as well as in size. There are two segments in the two antero- 
lateral rays, while the three remaining rays have but one, this, 
however, nearly as large as the two in the other rays. The two 
plates at the right postero-lateral side consist of the azygous 
piece—the lower one—and of the radial, which upon its upper 
side supports the brachials, giving off laterally a small ventral 
tube. Arms ten, composed of single joints, alternately united by 
syzygy, with strong pinnules from every second joint. 

Column tripartite, almost circular; axial canal large, pentalo- 
bate, the lobes directed interradially. 

Locality, Position, etc.—Trenton and Hudson River group of 
America. 

1859. Heterocrinus canadensis Billings, Geol. Rep. Can., Decade iv, p. 48, PI. 4, 
fig. 5.---Trenton limest. Ottawa and Montreal, Canada. 
1843. H, simplex Hall, Geol. Repr. N. York, vol. i, p. 280, Pl. 76, figs. 2a-d; also 
Geol. Surv. Ohio, Paleont. i, p. 7, Pl. 1, figs. 4a-c, 5a-b, 6a-b.—Hudson 
River gr. Cincinnati, Ohio. 
#1873. H. grandis Meek, described as H. simplex var. grandis, Geol. Surv, Ohio, 
Paleont. i, p. 9, Pl. 1, fig. 6, and figured by Hall as H, simplex in the 24th 
Rep. N. Y. State Mus. Nat. Hist.*Pl. 3, fig. 11.—Hudson River gr. 


Cincinnati, Ohio. H. grandis occurs at a higher horizon, is more robust and 
has shorter arm joints than H. simplex. 
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STENOCRINUS, nov. gen. 
(Syn. Heterocrinus in part). 
(crevéc, NATrow ; «pivoy, a lily). 


Generic Diagnosis.—General form subcylindrical ; calyx small; 
arms long. 

Basals five; of a more regular form than in Heterocrinus, 
angular at their superior margins. They form a cup, which 
spreads but little from the column upwards. 

Radials irregular, consisting of one or two plates; two of the 
rays—sometimes three—being composed of two segments each, 
the others of only one. The single plates are almost as large as 
any of the compound ones. Only four of the radials supported 
upon the basals; the fifth one smailer, resting upon the truncate 
upper side of the azygous plate, and occupying toward the latter 
a similar position as the two sections of the compound radials 
toward each other. The smaller radial is transversely penta- 
gonal, and resembles in outline a bifurcating plate. It supports 
upon its sloping right side the brachials; toward the left the 
ventral sac as in Jocrinus. Brachials generally four to each ray, 
the upper one axillary, and supporting the two main arms, which 
sometimes branch again, and give off at regular intervals, from 
alternate sides, strong, arm-like pinnules. All arm joints which 
have no pinnules are strictly quadrangular, while the pinnule- 
bearing joints have almost the form of bifurcating plates. 

Axygous plate pentagonal, shorter than adjoining radials. 
Ventral tube, near the base composed of quadrangular, heavy 
plates, generally longer and narrower than the brachials. The 
structure of the tube in its upper portions not known. The plates 
of the ventral side have been observed only in H. juvenis, in which 
they are composed of five comparatively large interradial pieces, 
enclosing a small oral plate as in Haplocrinus. Column large, 
pentagonal, pentapartite, the sutures directed interradially, giving 
to the segments a radial position. Axial canal large, pentagonal ; 
angles interradial.! 

Geological Position, etc.—Stenocrinus is known only from the 
Silurian of America. 

We refer to Stenocrinus the following species, all previously 


1 The columnar canal of Stenocrinus is correctly represented in fig. 12 of 
Pl. vi, not, however, in fig. 13, in which the rays should be directed inter- 
radially. 
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described under Heterocrinus, and noted under that genus in 
Rey. I, p. 70 :— 


*Stenocrinus heterodactylus, the type of the genus, and its variety propin- 
quus ; *§. exilis Hall (not Meek); *8. juvenis; *S. Milleri, and perhaps 
Heterocrinus tenuis Billings. 

To these we add :— 

*1883. Stenocr. bellvillensis (W. R. Billings), Heterocr. bellvillensis, Ottawa 
Field Naturalist’s Club, Trans. No. 4, p. 49 with plate-—Trenton limest. 
Bellville, Ont. 

*(?) 1879. S. geniculatus (Ulrich), Heterocr. geniculatus, Journ. Cincin. Soc. Nat. 
Hist. (April), Pl. 7, fig. 1.—Utica Shale. Cincinnati, Ohio. This species 
differs too much from the other species to be left under Stenocrinus, but the 
only specimen which we examined was not sufficiently perfect to warrant a 
satisfactory generic description. 

*1882. §. pentagonus (Ulrich), Heterocr. pentagonus, Journ. Cincin. Soc. Nat. 
Hist., p. 176, Pl. 5, figs. 10, 10 a.—Hudson River gr. Cincinnati, Ohio. 


OHIOCRINUS, nov. gen. 
(Heterocrinus Hall, in part.) 


This form is closely allied to Stenocrinus, but differs from that 
in two points: the form of its arm appendages, and in the con- 
struction of its ventral sac. 

The plates of the calyx are arranged as in Stenocrinus, and 
also the column is strong, pentangular and pentapartite. The 
arms, which are ten, do not bifurcate, and are provided with stout 
pinnules, given off alternately from every fourth or fifth plate. The 
pinnules are long, bifurcating, and extend to the tips of the arms. 

The ventral tube rests upon the left sloping side of the right. 
posterior radial; it ascends spirally, and in such a manner that 
adjoining convolutions touch each other, being perhaps suturally 
connected. It is composed of numerous hexagonal pieces, 
arranged alternately, and in longitudinal rows. 

Column strong; indistinctly pentangular; pentapartite. The 
older stem joints are rather long pieces which have a well-marked 
pentapetaloid concavity upon their articular faces. The younger 
joints consist of five small convex leaflets, disconnected laterally, 
which fill the concavity of the older joints, exposing to view along 
the lateral face of the column a small trigonal piece. A similar, 
if not the same, columnar structure is found in Stenocrinus.! 


1 Ohiocrinus resembles Stenocrinus very closely, and can only be upheld 
by the form of the ventral tube. We never saw the appendage of Steno- 
crinus, but Mr. S. A. Miller claims it to be distinct, and this induced us to 
make the separation. 
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Geological Position, etc.—Restricted to the Lower Silurian of 
America. 
We place in this genus the following species : 


*1866. Ohiocrinus constrictus (Hall), Heterocrinus constrictus, 24th Rep. N. Y. 
St. Cab. Nat. Hist., p. 210; also Geol. Surv. Ohio, Paleont., vol. i, p.3, Pl. 
i, figs. 10a b; W. & Sp., Rev. I, p. 15.—Hudson River gr. Cincinnati, 
Ohio. 

*1866. 0. laxus (Hall).—Type of the genus.—Heterocrinus laxus, 24th Rep. N. Y. 
St. Cab. Nat. Hist., p. 211, pl. 5, fig. 15; also Geol. Surv. Ohio, Paleont., 
vol. i, p. 14, Pl. i, figs. 8a b.—W. & Sp., Rev., I, p. 70.—Hudson River gr, 
Cincinnati, Ohio. 

*1882. O. ehanus (Ulrich), Heterocr. (Iocrinus) ehanus, Journ. Cincin. Soc. Nat. 
Hist., vol. v, p.175, Pl. 5, fig. 9.—S. A. Miller, 1883, Heterocr. chanus, 
Cat. Amer. Palwoz. Foss. (Hdit. ii), p. 283.—Hudson River gr. Cincinnati, 


Ohio. 


IOCRINUS Hall. 


1879. Revision of the Paleocr., Pt. I, p. 70. 
1882. P. Herb. Carpenter, Quart. Journ. Geol. Soc. London, p. 306. 
1883. W. & Sp., Amer. Journ, Sci., vol. xxvi (Novbr.), pp. 370, 376. 


The genus Jocrinus must be slightly modified, as stated in our 
recent notes “on Hybocrinus, Baerocrinus and Hoplocrinus.” 
In that paper, to which we refer for further particulars, we gave 
at some length the reasons which impelled us to regard the large 
plate, which we had formerly called a radial, as representing the 
azygous plate, and the smaller pentangular plate above, as the right 
posterior radial. 

Walcott discovered lately a new generic form, for which he pro- 
posed the name Merocrinus. It agrees with Jocrinus in the 
structure of the azygous side, and would probably be identical 
with that genus if it had not well-developed underbasals. That 
underbasals are entirely absent in focrinus is plainly shown by 
its strictly pentagonal column, in which the angles have a radial 
position. 

Revised Diagnosis.—Dorsal cup broadly spreading and _per- 
fectly symmetrical to the top of the second circlet of plates; it 
is short, and resembles an inverted pentagonal pyramid with the 
five sides deeply concave. 

Basals small, nearly equal. Fadials five, four of them of equal 
form and height, comparatively large, strong and pentagonal ; 
their upper sides truncated throughout their entire width for the 
reception of the brachials. Adjoining these radials, in the same 
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ring, is the azygous plate, which has not only the form but gene- 
ral appearance of the four radials. It supports upon its truncate 
upper side the fifth radial, that of the right posterior ray. The 
latter, which resembles in form a large bifurcating plate, sup- 
ports upon its right upper side the brachials, and toward the 
left the first plate of the anal tube, being thus a radial, but partly 
with interradial functions. The radials in all five rays are fol- 
lowed by five to six brachials, the upper one bifurcating, the 
others quadrangular, all wider than long, and those of adjoining 
rays meeting laterally. These are succeeded by the regular arm 
plates. 

Arms long, gradually tapering to the tips; bifurcating at regu- 
lar intervals, and most of their branches bifurcating once or 
twice again; each division extending to the general height of the 
arms. Arm joints quadrangular, resembling those of the brachi- 
als, but somewhat narrower. 

The ventral sac, at its posterior side, consists of a single row 
of rather large and strong plates, extending up to the full length 
of the sac, and forming all the way up a keel-like projection. 
In general appearance, these plates, which rest against the sloping 
side of a radial, resemble the brachials and arm plates, although 
they are somewhat higher and not as wide. Both sides of the 
ridge-like projection are indented for the reception of other plates. 
At each side there are two pieces connected to each median plate, 
one abutting against the middle part, and the other placed oppo- 
site the suture. These plates are very short and wide, longitu- 
dinally arranged ; they are curved so as to form a deep transverse 
groove, their lower sides turned up and forming a transverse 
ridge. The plates do not meet horizontally, but have a narrow 
open space at the top of the ridge, which in perfect specimens is 
covered by arow of minute pieces, apparently with a pore or 
small opening at the place of juncture with the larger plates. 
The sac is composed of five rows of these plates, which are con- 
nected laterally by a straight suture all the way up. 

Column strong, sharply pentagonal, its angles in a line with 
the radial plates. 

We add the following species to our former list :— 


1883. Iocrinus trentonensis Walcott, Adv. sheets of 35th Rep. N. Y. St. Cab. Nat. 
Hist., p. 4, Pl. 17, figs. 7, 8.—Trenton limest. Trenton Falls, N. Y. 
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Famity XIX.-ANOMALOCRINIDZ W. and Sp. 
ANOMALOCRINUS Meek and Worthen. 


1879. Revision Palzocr., Pt. i, p. 72. 
1879. S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (Decbr., p. 6). 
1882. S. A. Miller, ibid. (April, p. 14). 

This genus differs from the Heterocrinide in the form of the 
calyx, which is depressed and not obconical, and in the arrange- 
ment of the pinnules. It agrees with them in the plates at the 
azygous side, which we misunderstood in our former description, 
and this renders a redescription necessary, which we substitute 
in place of our former one. 


Revised Diagnosis.—General form depressed, calyx compara- 
tively large, rather shallow, subglobose ; arrangement of plates 
extremely irregular, scarcely two plates being of equal size. 

Basals five, small, subequal, partly hidden by the column. 

Radials irregular, all differing in size and form; simple or com- 
pound; sometimes divided vertically. The left antero-lateral 
radial is compound, composed of two pieces ; that of the opposite 
side and the anterior radial are simple. The left postero-lateral 
radial is the largest plate in the calyx, and either simple or 
bisected vertically, composed of two nearly equal parts. The 
lower segment of the left antero-lateral radial is subquadrangular, 
the angle along the basi-radial suture being so obtuse as to form 
almost a straight line; upper side truncate and slightly convex. 
The upper segment is irregularly hexagonal, truncate above and 
below, much wider at the lower than at the upper side, widest 
across the lateral angles. The two together have almost the 
dimensions of the single radials, but, in place of being wider than 
high, they are higher than wide, with a narrow concavity for the 
reception of the brachials. The fifth radial—the right postero- 
lateral one—rests against the truncate upper side of a large 
azygous plate, and as this stands in line with, and has nearly form 
and proportions of the lower section of the compound radial, and 
the radial plate the form of its upper segment, the two appear in 
the specimen as if forming jointly another compound radial. 
(See Diagr. Rev. i, PI. ii). 

There is also among the rays a great diversity in the number 
of brachials, and this gives to the specimen that abnormal, irregu- 
lar outline which is so characteristic of the genus. Some of the 
rays have two, others three brachials, while the night posterior 
ray has eerie four or more. 
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Arms long; bifurcating at regular intervals ; widely divergent, - 
rather stout at their origin ; tapering upward. They are composed 
of a succession of rather long, quadrangular pieces, interrupted 
only by the axillaries which are pentangular, and which divide 
the main arm, and each division of the arm, into two equal parts. 
The pinnules are slender, composed of long pieces, given off from 
every arm joint, but at one side only in succession—not alter- 
nately—until the next bifurcation of the arm, when on both 
divisions they all change to the opposite side. By this arrange- 
ment there are always 8 to 10 pinnules in succession, first on one 
side, then on the other. The first pinnule occurs on the second 
arm plate, not on the first, but every succeeding plate is pinnu- 
lated with the exception of the bifurcating ones. The proximal 
pinnule after each bifurcation is considerably heavier and longer, 
almost arm-like, and bifurcating, the others are simple. The arm 
furrows are shallow but wide, only one side having sockets for 
the reception of pinnules.! 

The ventral sac is tubular, and rests upon the left side of the 
posterior radial as in the Heterocrinidz. The proximal plate of 
the tube is large, subquadrangular, and is succeeded by other 
apparently large pieces. Of the plates at the ventral side little 
is known. S. A. Miller mentions two rows of small pieces near 
the ventral tube, but, as nothing is known as to their arrangement, 
they may be covering plates. 

Column very large, almost circular, pentapartite, highly orna- 
mented ; central canal large, star-shaped, the projections located 
interradially. The structure of the column along the axial canal 
resembles that of Barycrinus and Vasocrinus, with which 
Anomalocrinus agrees also in the form of the calyx. 

Geological Position, etc.—Lower Silurian of America. The 
only known species are: Anomalocrinus caponiformis Lyon, and 
A. incurvus Meek and Worthen, which have been previously 


noted. 
Famity XX.—BELEMNOCRINIDZE 5S. A. Miller. 


S. A. Miller has proposed for the genus Belemnocrinus a 
separate family, in which we fully agree. It cannot be placed in 
any of the other groups, without depriving them of their best 


made from a most beautiful specimen in the collection of J. H. Harris, Esq., 
of Waynesville, O., who had the kindness to send it to us for description, 
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and Cyathocrinide, resembling the former in the absence of 
underbasals and in the arm-structure, the Cyathocrinide in the 
arrangement of plates at the azygous side and of the ventral 
tube. As the most characteristic features we mention the 
extremely small visceral cavity, in which the genus resembles 
Apiocrinus of the Neocrinoidea ; the comparatively large size of 
the basals; the absence of underbasals; the position of the 
azygous plate in line with the five radials; the large porous 
ventral tube, and the condition of the pinnules, which are given 
off regularly at certain intervals, not alternately from every joint. 

Belemnocrinus was referred by White to the Oyathocrinide, 
and he described the calyx to be composed of three rings of 
plates. We have shown in 1877 that the part which he took to 
be the “‘ basals ” is the upper stem-joint, and that the dorsal cup 
consists of only two rings of plates. We further directed atten- 
tion to the affinities between Belemnocrinus and the recent genus 
Rhizocrinus, which had been pointed out also by Pourtales, in 
the Memoirs of the Museum of Comp. Zoology, vol. iv, No. 9, 
p. 29. The construction of the dorsal cup in the two genera is 
very similar, however, in Rhizocrinus, the sutures between the 
basals are fused together; while in Belemnocrinus they are 
plainly visible, and the former has no anal plate and no ventral sac. 

Belemnocrinus was placed by Zittel among the Poteriocrinide, 
although it has neither the arm structure nor the pinnules of that 
family, nor the azygous plate, and not even underbasals. 

The name Belemnocrinus was used in 1876 by Munier-Chalmes 
(Jour. Conch., Ser. 3, vol. xvi, p. 102) for certain basal plates, 
evidently of a Blastoid, and changed by Oehlert to Belocrinus, 
1882 (Extr. du Bull. Soc. Géol. de France, Ser, 3, p. 362). 


BELEMNOCRINUS White. 
(Pl. 5, figs. 10 and 11.) 


1862. White, Proc. Bost. Soc. Nat. Hist., vol. ix, p. 14. 
1866. Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 251. 
1868. Meek and Worthen, Geol. Rep. Illinois, iii, p. 463. 
1877. W. and Sp., Amer. Jour. Sci. (April), p. 253. 
1879. Zittel, Handbuch der Palont., i, p. 362. 
(Not Belemnocrinus Mun.-Chalmes = Belocrinus Oehlert. ) 


Generic Diagnosis.—Dorsal cup small, narrow, sometimes 


almost tubular. 
10 
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Basals five, very large, long, narrow, of somewhat irregular 
shape, forming an ovoid to cylindrical cup. The cup is nearly 
solid, having only a small central canal, and a shallow subconical 
excavation at its upper end, the latter forming a part of the 
visceral cavity. 

Radials five, always smaller than the basals, enclosing an anal 
plate. They are subquadrangular, slightly excavated at their 
upper side, and support four (exceptionally five) brachials, of 
which the upper one is bifurcating and gives off the arms. Arms 
two to each ray, simple throughout, composed of compound 
joints, with one or two syzygies in each joint; the upper segment 
giving off a strong pinnule. The oblique upper faces of the 
epizygal or pinnules-bearing joints are arranged alternately, and 
this gives to the arms a strongly waving, zigzag outline. At the 
extremities of the arm the pinnules are generally given off from 
every joint. Pinnules long, arm-like, bifurcating once or twice, 
like arms. With the arms the pinnules also correspond in length, 
all of them extending to the same height. 

Anal plate resting between two of the radials and upon one of 
the basals. This plate, which resembles the radials in form, sup- 
ports a large ventral sac, composed of numerous hexagonal 
plates, alternately arranged, with slit-like openings along their 
lateral edges, which meet with corresponding slits in the adjoin- 
ing plates. . 

Other parts of the ventral side unknown. Column with or 
without lateral cirrhi; more or less sharply pentangular, the 
outer angles radial, the rays of the central canal and the columnar 
cirrhi directed interradially. 


Geological Position, etc—Known only from the two divisions 
of the Burlington limestone. 


1877. Belemnocrinus florifer W. and Sp., Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 
256.—Upper Burlington limestone. Burlington, Ta. 

1877. B. Pourtalesi W. and Sp., Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 258.—Lower 
Burlington limest. Burlington, Iowa. 

1862. B. typus White (type of the genus), Proc. Bost. Soc. Nat. Hist., Vol. ix, p. 
14.—W. and Sp, 1877, Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 254.—Upper 
Burlington limest. Burlington, Iowa. 

1866. B. Whitei Meek and Worthen, Acad. Nat. Sci. Phila., p. 251; also Geol. Rep. 
Illinois, iii, p. 463, Pl. 18, figs. 4a, 6,¢e—lLower Burlington limest. Bur- 
lington, Iowa, 
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(t) HOLOCRINUS W. and Sp. 
(Gos Solid, xpivov a lily.) 


The above name is proposed to include a species which was 
lately described from rather imperfect specimens by Mr. Picard, 
under the name of Encrinus Beyrichi, but which certainly is no 
Encrinus. We entertain little doubt that the species must be 
referred to the Belemnocrinidz ; we are, however, not quite so 
sure that it is generically distinct from the typical form, which 
depends upon the presence or absence of the anal plate. No 
anal plate has been described in this species, and it is more than 
probable that none was present. It perhaps represents one of 
those transition forms, which in their earlier life were good Palzo- 
crinoids, but by resorption of the interradial plates attained, to 
some extent, the characteristics of the earlier Neocrinoidea. 

Generic Diagnosis..—Dorsal cup strictly pentahedral; con- 
stricted above the basals. Basals large, forming an almost solid 
subglobular body, without underbasals. Jadials very small, 
quadrangular, supporting three to four narrow brachials, the 
upper one bifurcating. There are two arms to each ray which 
remain simple. Arms thin, composed of short, cuneate joints, 
with rather stout pinnules. 

Column pentangular, and, as in Belemnocrinus florifer, pro- 
vided with long cirrhi, given off at intervals in whorls from the 
nodal joints, and extending up, and partly covering, the calyx 
and the lower portions of the arms. 

The only known species is: 


#1884. Holocrinus Beyrichi (Picard), W. and Sp., Zeitschr. d. Deutsch. geolog. 
Gesellsch., Jahrg. 1883.—Muschelkalk. Sondershausen, Germ. 


Famity XXI.—CYATHOCRINIDZ Roemer. 
(Emended Zittel, emended W. and Sp.) 


a. DENDROCRINITES. 
MEROCRINUS Walcott. 
1883. Adv. sheet 35th Rep. N. Y. State Cab. Nat. Hist., p. 2. 
In the arrangement of the plates at the azygous side and in 


the construction of its ventral tube, this genus has close affinities 
with the Heterocrinide, but differs from them in having under- 


1 Our diagnosis is made from the figure of Mr. Picard’s imperfect 
specimen, 
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basals. In addition to Walcott’s typical species, we refer to 
Merocrinus: Dendrocrinus curtus Ulrich. 


Generic Diagnosis.—Dorsal cup very small; short and extend- 
ing laterally but little beyond the periphery of the upper stem 
joint. 

Underbasals five, comparatively large, seen distinctly in a side 
view. Basals short, all hexagonal; alternating with four of the 
radials and the azygous plate, which all are of similar form, pen- 
tangular, wider than long. The four radials support upon their 
truncate upper face a row of brachials, the azygous plate from 
the same level the fifth radial. The right posterior radial has 
the same form as the azygous plate, but, while the latter is 
angular below, the radial has an angular upper side, giving off 
toward the left the ventral tube, and toward the right a row of 
brachials. There are generally six or more brachials to each 
ray, composed of short quadrangular pieces, except the upper 
which is axillary. Arms long, bifurcating ; without pinnules ; 
tapering toward the tips; composed of quadrangular joints. 
The bifurcations take place at regular intervals, and both arms 
of the same division are of equal size. 

Column round, very strong, composed of unusually narrow 
joints. 

Locality, Position, etc—Lower Silurian of America. 


*1879. Merocrinus curtus (Ulrich), Dendrocrinus curtus, Cincin. Soc. Nat. Hist., 
vol. ii (April), Pl. 7, fig. 14.—Utica shale. Cincin., 0. , 
1883. M. corroboratus Walcott, Adv. sheet 35th Rep. N. Y. St. Cab. Nat. Hist., 
p- 4, Pl. 17, fig. 6.—Trenton limest. Trenton Falls, N. Y. 
1883. M. typus Walcott, Jbid., p. 3, Pl. 17, fig. 5.—Trenton limest. Trenton Falls, 
ING 


CARABOCRINUS E. Billings. 
(Revised by W. and Sp.) 


1856. E. Billings, Rep. Geol. Surv. Canada, p. 275. 

1859. E. Billings, Zbid., Decade iv, p. 30. 

1879. W. and Sp. Revision I, p. 143. 

1881. Walter R. Billings, Trans. Ottawa Field Natur. Club, p. 34. 


In Part I of this Revision we placed Carabocrinus among the 
doubtful genera. It was founded by E. Billings upon certain 
peculiarities among plates of the azygous side, resembling other- 
wise closely Cyathocrinus. When Billings proposed the genus, 
the azygous side had been observed only in a single specimen, 
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and as the plates were arranged very differently from those of 
other genera, we suspected that the type specimen was a mal- 
formed or recuperated Cyathocrinus. This view, however, must 
be given up, since other specimens have been found which show 
the plates under similar conditions. Mr. Walter R. Billings 
informed us, in 1880, of the discovery of two more specimens in 
which the azygous plates were arranged as in H. Billings’ type. 
These specimens were afterwards noticed by him in the Trans- 
actions of the Ottawa Field Naturalist’s Club of 1881, p. 35. 

Carabocrinus was described by E. Billings—using our termin- 
ology—to be constructed of five underbasals, four of them penta- 
gonal, the fifth hexagonal; five basals, three of them hexagonal, 
one heptagonal and one pentagonal, the latter smaller than the 
others; of five radials; three azygous plates, one of them sup- 
ported upon the hexagonal underbasal, a second upon the small 
pentagonal basal, the third between two radials. Consulting the 
generic diagram, Decade iv, p. 30, we find that the small, penta- 
gonal basal (subradial plate of Billings) has scarcely half the 
size of the other basals, and the first azygous plate is placed at 
its left side, contrary to all other Cyathocrinide. This structure 
seemed to us so improbable that before accepting it we applied 
to Prof. Whiteaves of the Canada Survey Museum for the type 
specimen. We now found that in Billings’ diagram the plate in 
question is represented considerably larger than it is in the 
specimen, the so-called “‘ azygous plate,” to the left of the former, 
smaller, that the basals at their lower sides form in the specimen 
a much more obtuse angle, almost a straight line, and that the 
underbasals are comparatively smaller. 

From our diagram it will be seen, that the second or basal ring 
really consists of six plates, four of them equal, the fifth one nearly 
as high but somewhat narrower, the sixth subquadrangular, small, 
not more than half the size of the former. That the latter piece 
which is united with the azygous plate by a horizontal suture is 
a basal—subradial of Billings—seems to us exceedingly doubtful, 
the more as the adjoining plate meets all the requirements of a 
basal. This plate, which Billings called the first azygous piece, 
and which we take to be the posterior basal in conformity with 
other Cyathocrinide, has an azygous plate at its right side, 
and this supports with its right upper sloping side a special anal 
plate. The small plate within the basal ring, which is only known 
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in this genus, is, we think, a supplementary azygous plate of no 

fundamental importance, a plate bearing to the regular azygous 

plate similar relations as the small accessory interradials in some 

specimens of Archzocrinus sculptus to the regular interradials. 
We offer the following :— 


Revised Generic Diagnosis.—Underbasals five, of variable form 
and size; four of them quadrangular, but only three equal; the 
fourth one, that facing the azygous side, narrower; the fifth pen- 
tagonal, truncate above. Carabocrinus is closely allied to Den- 
docrinus and Homocrinus, but differs from both in the number 
and arrangement of its azygous plates. 

Basals five, four of them hexagonal; the one toward the right 
of the azygous plates heptagonal ; that on the left side somewhat 
smaller, truncate below, and occupying the full width of the upper 
side of the pentagonal underbasal. 

Radials heptagonal, the upper side excavated for the reception 
of the brachials, which occupy about one-third the width of the 
plate. The brachials, so far as known, consist of two or some- 
times three pieces, the upper one sharply wedgeform. Arms, 
compared with the size of the calyx, remarkably short ; composed 
of quadrangular joints with parallel sutures; bifurcating ; tapering 
eradually to their tips. The branching is similar to that of Cya- 
thocrinus, and the arms throughout, as in that genus, are devoid 
of pinnules. 

Plates at the azygous side three. A supplementary azygous 
plate rests between the basals and extends to half their height. 
The regular azygous plate is placed between the upper lateral 
portions of the five basals, and upon the supplementary piece; 
supporting with its left upper side the anal plate, with its right 
side the right postero-lateral radial. The anal plate resembles the 
radials in form and proportion, but its upper face is irregularly 
convex, and is bordered by a row of small pieces which form 
a part of the ventral tube. 

Column comparatively small, obscurely pentangular, with a 
large, sharply pentagonal canal. The column is quinquepartite, 
the sutures arranged alternately with those of the underbasals. 

Locality, Position, etc.—Known only from the Trenton lime- 
stone of Canada, but we found detached plates, apparently of this 
genus, in rocks of the same age near Knoxville, Tenn. 
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The following species have been described :— 


1856. Carabocrinus radiatus Billings. Type of the genus, Geol. Surv. Canada, p. 
276; also 1859, ibid. Decadeiv, p. 30, Pl. 2, figs. 3a-c; also W. and Sp., Re- 
vision i, p. 144.—Trenton limest. Ottawa, Can. 

1859. (?) C. tuberculatus Billings, Geol. Surv. Can., Decade iv, p. 33, Pl. 10, figs. 
2a-c.—Hudson River. gr. Island of Anticosti. 

1859. C. Van Courtlandti Billings, Geol. Surv. Can., Decade iv, p. 32, Pl. 2, fig. 4.— 
Trenton limest. Township of McNab, Can. 


EUSPIROCRINUS Angl., Rey. I, p. 143. 
AMPHERISTOCRINUS Hall. 
1882. 11th Geol. Rep. Indiana of 1881 by Collett, p. 278. 


This is one of the few genera of the Cyathocrinidx which have 
only three underbasals, and this distinguishes it readily from 
Homocrinus, with which it agrees in the plates of the azygous 
side. 

Generic Diagnosis.—Underbasals three, two equal and’ with 
truncate upper sides; the third one-half smaller, angular above. 
Basals five; two of them resting entirely upon the two large 
underbasals ; pentagonal; the two alternating with them hexa- 
gonal; the posterior one, which has a truncate upper side, hep- 
tagonal. The latter is larger and supports toward the right a 
pentangular azygous plate ; at its truncate upper side a large anal 
piece ;, along the left side a radial. The azygous plate is followed 
by the anal plate, which is laterally connected with the right pos- 
terior radial. The radials are pentagonal, with a small semi- 
circular excavation for the reception of the arms. Only one 
brachial is known, which is quadrangular and extremely small. 
All other parts are unknown. 

The only known species is :— 


1882. Ampheristocrinus typus Hall, 11th Ann. Geol. Rep. Indiana by Collett, p. 
278, Pl. 15, figs. 17-18.—Niagara gr. Waldron, Indiana. 


DENDROCRINUS Hall, Rey. I, p. 75. 


The following species must be added to our list :— 


*1856. Dendrocrinus angulatus (Billings), Paleocrinus angulatus, Geol. Surv. 
Canada, p. 269; also Decade IV, Pl. 3, figs. 6 a b.—Cyathocrinus angu- 
latus, Rev. I, p. 85.—Trenton limestone. Ottawa, Canada.—In examining 
the type-specimen in the Canada Survey Museum, we found it to be a good 
Dendrocrinus. Toward the right of the basals, underneath the postero- 
lateral radial, it has a good-sized azygous plate, which at its left sloping 
upper side supports an anal piece, exactly as in Dendrocrinus. The species 
has a strong ventral tube, of which only the transverse section is seen, 
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1881. D. erraticus S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (December), 1881.— 
Hudson River group. Cincinnati, Ohio. 


1880. D. navigiolum S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (October), p. 4, 
Pl. 7, figs. 5, 5a.—Utica slate. Cincinnati, Ohio. 


1883. D. retractilis Walcott, 55th Rep. N. Y. St. Mus. Nat. Hist. (Extr. p. 5), Pl. 
17, fig. 4.—Trenton limest. Trenton Falls, N. Y. 


HOMOCRINUS Hail, Rev. I, p. 77. 


This genus has been lately so often confounded with Poterio- 
crinus, that for better information, we point out their distinctive 
characters. Homocrinus differs from Poteriocrinus in the more 
slender form of the calyx, in having no plates of the ventral tube 
within the line of the first radials, in being provided with horse- 
shoe-shaped articular facets, pierced by a round dorsal canal, and 
in having at least three brachials. Contrary to Poteriocrinus, 
the arms are not pinnulated, and they are composed of quadran- 
gular joints with parallel lines of union. Its relations are much 
closer with Parisocrinus, which, however, has no separate dorsal 
canal, and the first plate of the tube rests within the calyx. 

We add the following species :— 


*1879. Homocrinus ancilla (Hall), Dendrocrinus ancilla, Trans. Albany Inst., vol. 
x (Abstr. p. 9); also 11th Geol. Rep. Indiana by Collett, p. 271, Pl. 15, fig. 
19.—Niagara gr. Waldron, Indiana. 

#1858. H. curtus (Miiller), Poteriocrinus curtus, Verh. d. naturh. Verein f. Rhein- 
lande xii, p. 80, Pl. 10, figs. 2-3; also Neue Echinod. Hifl. Kalk., p. 230, Pl. 
2, fig. 3.—Schultze, 1866, Echin. Hifl. Kalk., p. 46, Pl. 5.—W. and Sp., 
Parisocrinus curtus, Rev. i, p.115.—Devonian. Hifel, Germany. 


*1882. H. davisanus (S. A. Miller), Poteriocrinus davisanus, Journ. Cincin. Soc. 
Nat. Hist., p. 226, Pl. 9, figs. 4, 4a-b.—Upper Helderberg gr. Deputy, 
Indiana. 

*1882. H. nettelrothanus (S. A. Miller), Peteriocrinus nettelrothanus, Journ. 


Cincin. Soc. Nat. Hist., p. 227, Pl. 9, figs. 5, 5a.—Upper Helderberg gr. 
Deputy, Indiana. 


*1876. H. nucleus (Hall), Dendrocrinus nucleus, Ist Edit. 28th Rep. N. Y. St. Mus. 
Nat. Hist., Pl. 15, figs. 7-9.—Cyathocrinus nucleus, 2d Hdit. ibid., p. 136. 
—Niagara gr. Waldron, Indiana. The arrangement of the plates at the 
azygous interradius are not like in Cyathocrinus as Hall suggested, but 
exactly like in Homocrinus. 

*1863. H. polyxo (Hall), Cyathocrinus polyxo, New Sp. Foss. Niagara group, p. 5; 
28th Rep. N. Y. St. Cab. Nat. Hist. 1st Edit., Pl. 15, figs. 10-17.—Ibid. 2d 
Edit. p. 135; also W. and Sp., Rev. i, p. 87; 11th Rep. Indiana by Collett, 
1882, p. 264, Pl. 14, figs, 10-17.—Niagara gr. Waldron, Indiana. 
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Closely allied to Homocrinus is Parisocrinus, which we made 
a subsection of Poteriocrinus. In doing so, we were not aware 
that this form is devoid of pinnules. In our descriptions we 
only pointed out the great resemblance which it has to Cyatho- 
crinus, especially in the branching of the arms, but finding the 
azygous side constructed as in Poteriocrinus, we placed it with 
that genus. More perfect specimens which have since been dis- 
covered leave not the least doubt that it is very distinct from 
Poteriocrinus, and a true Cyathocrinoid. 

Revised Generic Diagnosis.—General form turbinate. Under- 
basals large, equal. Basals five, three of them hexagonal; the 
two connecting with the azygous side heptagonal. The radials 
are rarely larger than the basals ; four of them are equal, the fifth 
one has an additional side for the reception of the lower plate of 
the ventral tube. Articular face horseshoe-shaped, supporting a 
row of three brachials, of which the upper one is axillary. Arms 
composed of long slender joints, branching like those of Cyatho- 
crinus and without pinnules. The azygous side is arranged as 
in Poteriocrinus, with three plates in the calyx. Ventral tube 
long, cylindrical, composed of alternately arranged rows of hexa- 
gonal pieces, with a pore at each angle. Column round. 

Geological Position, etc. — Subcarboniferous. America and 
England. 

We place here Parisocrinus intermedius, P. nereus, P. per- 
plexus, P. tenuibrachiatus, P. quinquangularis, P. radiatus and 
P. salignoideus ; but Poteriocrinus curtus, which we referred to 
it in Pt. I, p. 115, is a Homocrinus. 


b. Botryocrinites. 
ATELESTOCRINUS, nov. gen. 
*aredéoros, incomplete ; «pivoy, a lily. 
Pl. 6, fig. 4, and Pl. 9, fig. 4. 
We have had, for several years, a very remarkable Crinoid 
from the Burlington limestone, which could not be placed in any 


of the established genera. At first we took it to be an abnormal 
specimen, with only four radials, and a small non-arm-bearing 
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plate at the anterior side, and therefore did not describe it. It 
resembles Belemnocrinus in its general appearance, but differs in 
having underbasals, and curiously enough, these have a similar 
cylindrical form, and are as solid as the basals in that interesting 
genus. 

We have since obtained from the Burlington and Keokuk transi- 
tion bed near Burlington, and from the lower part of the Keokuk 
limestone proper of Tennessee, two additional specimens, clearly 
of the same genus, but of a different species. Both specimens 
show the same irregular structure, 7. e., four arm-bearing radials, 
and in line with them a small azygous, non-arm-bearing plate, 
thus proving that the apparent irregularity is a persistent char- 
acter. : 

Generic Diagnosis.—Form of calyx elongate, bell-shaped, the 
sides concave, constricted along the suture between basals and 
underbasals. Underbasals five, large, forming an almost solid 
ovo-cylindrical body, pierced only by a longitudinal canal. Basals 
long and narrow, widening above, irregular in form; three of 
them hexagonal, two heptagonal. Radials four, of nearly equal 
size, with an obtuse facet covering the greater part of the width 
of the plate. Anterior radial non-arm-bearing. Like the regular 
radials, it alternates with the basals, has the same general height, 
but less than half their width. Brachials from two to four, ex- 
ceptionally five; comparatively strong; with parallel articular 
lines, except the upper one, which is axillary. Main arms eight, 
which from every second joint, alternately, give off armlets, or 
arm-like pinnules of less than half the size of the main arms, but 
extending to the same height and branching. The arm joints, 
from which the branches are given off, are formed almost like 
axillary plates, one side, however, being shorter and slightly more 
obtuse. The alternate joints are quadrangular. Whether these 
and the axillaries are united by syzygy, could not be ascertained 
from the specimens. 

Azygous plate large, resting between the upper sloping sides of 
two basals, and against the right posterior radial. It supports 
towards the left the anal plate, and at its truncate upper side the 
first plate of the tube: Nothing is known of the ventral side. 
Column obtusely pentangular, with a medium-sized central canal, 
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Attelesocrinus delicatus, nov. sp 

Calyx bell-shaped ; twice as high as wide, greatly constricted 
along the sutures between basals and underbasals. Underbasals 
forming a comparatively long ovo-cylindrical body. Basal cup 
funnel-shaped, resting upon the underbasals as if proceeding from 
their inner cavity. The basals are delicate plates, elongate, gradu- 
ally increasing in width. Arm-bearing radials wider than high; 
each one supporting two brachials. The latter fill nearly the 
entire width of the preceding plate, and are twice as wide as the 
true arm plates. Anterior radial narrow, less than half the width 
of the arm-bearing radials. Arms two to the ray, tapering 
gradually to their tips, where they become extremely delicate ; 
they have a waving outline, are composed of long joints, and 
give off armlets alternately from every second plate. All armlets 
extend to the tips of the arms, and branch once or twice. Their 
size along the lower part of the arms is only half that of the main 
arms, but higher up they are of almost equal thickness. Column 
obtusely pentangular. 


Geological Position, etc.—Lower Burlington limestone. Burling- 
ton, Iowa. 


Atelestocrinus robustus, nov. sp., Pl. 9, fig. 4. 

Larger and much more robust than the preceding species ; less 
constricted between basals and underbasals; the form of the 
latter, taken together, more oblate. Basals twice as long as wide. 
Arm-bearing radials heavy, wider than high; the anterior radial 
less than one-third the size of the others, hexagonal. Azygous 
side with four plates in the calyx, two of them constituting parts 
of the ventral tube; alternately arranged. Brachials four; three 
of them quadrangular, the upper one axillary; all rather large, 
but decreasing in size upwards. Arms long, comparatively heavy 
at the base, but tapering rapidly to the tips, where they become 
very delicate. They are composed of quadrangular, rounded 
joints, with parallel sutures, giving off armlets alternately from 
every second joint. The armlets are much thinner, and more 
pinnule-like than in A. delicatus, but extend like those to the 
height of the arms, and bifurcate in a similar manner. 


Geological Position, etc.— Burlington and Keokuk Transition 
bed near Burlington, Iowa, and at the base of the Keokuk 
limestone, White’s Creek Spring, near Nashville, Tennessee, 
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VASOCRINUS Lyon, Rev. i, p. 97. 
STREPTOCRINUS W. and Sp. 
orperros, twisted ; xpivoy, a lily. 
Ophiocrinus Angelin, 1878. Rev. i, p. 97. 


The name Ophiocrinus is preoccupied by Salter, who proposed 
it in 1856 for a Rhodocrinoid from Southern Africa, which, how- 
ever, is not properly defined. Semper also used the name in 
1868 for a Neocrinoid, and again Charlesworth, but without pub- 
lishing the description. The Swedish form, therefore, requires a 
new name, for which we adopt Streptocrinus, in allusion to the 
convoluted state of the ventral tube. 


*Streptocrinus crotalurus (Angelin), Ophiocrinus crotalurus, Iconogr. Crin. Suec., 
p. 24, Pl. 4, figs. 8a-c.— Upper Silurian. Gothland, Sweden. 


BOTRYOCRINUS Angelin, Rey. I, p. 97. 
SICYOCRINUS Angelin, Rey. I, p. 99. 


BARYCRINUS Wachsmuth, Rev. I, p. 99. 


The genus Barycrinus differs from other Cyathocrinide in 
having a shallow calyx, constructed of heavy plates, arms massive, 
and composed of short joints. These differences are so marked 
that we have strong doubts whether it ought to be placed in this 
family. 

The diagram of Barycrinus, Pl. I, fig. 3, in Part I of this 
Revision, is incorrect as to the axial canal, which should have 
shown the processes radial, instead of interradial. On page 101, 
of Part I, we were made to say that the sections of the column 
of Barycrinus are radial and the sutures interradial, whereas it 
should be that the sections of the column are “ interradial and 
the sutures radial; the opposite of Heterocrinus, in which they 
are interradial.” 

No new species have been described since our list, but Avach- 
nocrinus bulbosus (Hall), W.and Sp., was referred by S. A. Miller 
erroneously to Barycrinus. 

Cyathocrinus subtumidus M. and W., which we took to be a 
Barycrinus, must be changed back to Cyathocrinus. The species 
is closely allied to Cyathocrinus barydactylus W. and Sp. 
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e. Cyathocrinites. 
CYATHOCRINUS J.5S. Miller, Rev. I, p. 79. 


Through the kindness of Prof. Whiteaves we had an oppor- 
tunity to examine E. Billings’ type specimens of Palzocrinus in 
the Canada Survey Museum. The specimen of P. striatus, upon 
which the genus was proposed, is very imperfect, and may be a 
Carabocrinus, Dendrocrinus, or anew genus. The construction at 
the ventral side, to which EH. Billings attached so much weight, is 
that of the Cyathocrinide generally. They nearly all have ventrally 
five interradial plates resting against the radials, and alternate 
rows of covering plates. Heretofore we have placed Palxocrinus 
angulatus Billings under Cyathocrinus, but we satisfied ourselves 
from the original specimen that it is a true Dendrocrinus.— Cyatho- 
erinus fasciatus Hall, is a synonym of Macrostylocrinus Meeki ; 
Cyathocrinus hamiltonensis Worthen, a synonym of Cyathocrinus 
parvibrachiatus Hall. C. nucleus and C. polyxo Hall are now 
referred by us to Homocrinus; C. waldronensis to Macrostylo- 
erinus.— Cyathocrinus graphicus Bigsby (not Hall) is Platycrinus 
graphicus. 


1879. (?) Cyathocrinus Harrisi S. A. Miller, Journ. Cincin. Soc. Nat. Hist., vol. ii, 
Pl. 15, fig. 2—Keokuk limest. Crawfordsville, Ind. 


We leave this species for the present under Cyathocrinus, al- 
though aware that it represents a very different generic form. In 
some respects the species closely resembles Belemnocrinus 
florifer, and might almost be considered identical with it, if the 
column did not indicate a dicyclic base. The column of both 
species is sharply pentagonal, and beautifully fringed with whorls 
of cirrhi, but while in Belemnocrinus florifer the outer angles of 
the column are directed radially, the cirrhi interradially, the very 
opposite is the case in Cyathocrinus (?) Harrisi. Neither can 
the species be referred to our genus Afelestocrinus, as this is 
remarkable for its large underbasals, nor in fact to any other 
known to us, and we should make it the type of a new genus if 
the two specimens which we examined were more perfect. The 
specimen in the collection of Mr. Harris, which he had the kind- 
ness to send us for examination, leaves us in doubt whether the 
so-called azygous plate of Miller does not represent the anterior 
radial. Among the Fistulata the anterior ray very frequently 
supports a single arm, which either remains simple or branches 
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on a level with the second bifurcation in the other rays, and this 
may be the case here. Miller in describing the species, we think, 
had in mind the Silurian genus Jocrinus, in which the plates of 
the ventral sac take the form of arm plates, but these are given off 
laterally from the azygous plate and not, as it would be here, 
from the truncated upper side of the anal piece. 


1869. Cyathocrinus inspiratus (?) Lyon, Trans. Amer, Philos. Soc., vol. xiii, p. 457, 
Pl. 27, fig. k.—Keokuk gr. Crawfordsville, Ind. The description is not 
sufficient for specific identification. 

1882. C. marshallensis Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 33, Geol. Rep. 
Ill., vol. vii, p. 310, Pl. 30, fig.4.—Kinderhook gr. Marshalltown, Ia. (A 
connecting link with Parisocrinus.) 

*1844. C, Milleri McCoy (Atocrinus Milleri), Synops. Carb. Foss. Ireland, p. 123, 
Pl. 25; F. Roemer, 1855, Leth. Geogn. (2d Ed.), p. 246, Pl. 4, fig. 12; Bronn’s 
Klassen d. Thierreichs, Pl. 28, fig. 6.—Subearb. Ireland. 

(?)1880. C. (?) stillativus White, Proceed. Nat. Mus. for 1879, p. 258, Pl. 1, figs. 9, 10; 
12th Ann. Rep. Terr. for 1878, by Hayden (Author's Ed., p. 125, Pl. 35, figs. 
3 a, b).—Carboniferous. Collected 30 miles west of Humboldt, Kansas. 
This is no Cyathocrinus; it evidently belongs to the Poteriocrinidx, but 
the specimen is too imperfect to be referred properly. 

*1865. C. subtumidus Meek and Worthen, Proceed. Acad. Nat. Sci. Phila., p. 151; 
Barycrinus subumidus Meek and Worthen, 1868, ibid., p. 340; also Geol. 
Rep. Ill., vol. v, p. 487, Pl. 13, fig.3; W.and Sp.; Barycrinus subtumidus, 
1879, Rev. i, p. 87.—Keokuk limest. Green Co., Ill., and White’s Creek 
Springs, Tennessee. , 

1881. C. Van Horni S. A. Miller, Journ. Cincin. Soc. Nat. Hist., vol. iv (October), 
Pl. 6, fig. 3—Niagara gr. Chicago, Illinois. 


(?) SPHHZROCRINUS Roemer. 


In referring Sphxrocrinus to the genus Cyathocrinus (Rev. I, 
p. 83), we overlooked the fact that Roemer’s type has separate 
dorsal canals piercing the radials. Whether this character is 
sufficient for generic distinction is a question which has never 
been brought up for discussion. It is in this regard worthy of 
notice that this structure occurs exclusively in species from the 
Silurian and Upper Devonian, never in the Carboniferous, neither 
in Cyathocrinus nor other genera. Whether all species of Cyatho- 
crinus from Gothland and Dudley possess this structure, cannot 
be ascertained from the figures, but if they do, it may form the 
basis of a separation which seems to us very desirable. If the 
genus Spherocrinus is accepted, it will probably include not only 
Spherocrinus geometricus Goldfuss, Roemer’s typical species, 
but many others. 
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ARACHNOCRINUS M. and W., Rev. I, p. 92. 

In our former list we erroneously placed Poteriocrinus pisi- 
formis Roemer under Arachnocrinus. From specimens which we 
obtained lately in western Tennessee, and in which the azygous 
side and also the brachials are preserved, we are convinced that 
it is a Lecanocrinus. 


GISSOCRINUS Angelin, Rey. I, p. 89. 


ACHRADOCRINUS Schultze. 
1879. Zittel, Handb. d. Palzont., i, p. 364. 
1866. Schultze, Echin. Eifl. Kalk., p. 101. 

Schultze in defining this genus thought it to be closely allied 
to Gasterocoma, and Zittel and de Loriol place it among the 
Gasterocomids. In our opinion, the similarity between Gastero- 
coma and Achradocrinus is more superficial than real. Gastero- 
coma has five underbasals, and the column in addition to the 
axial canal is provided with four peripheral vessels, which are 
altogether unrepresented in the other form. The two agree only 
in the position of the anal aperture. The affinities of Achrado- 
crinus are much closer with Spherocrinus, from which it differs 
only, as far as known, in the position of the anal plate. 

Generic Diagnosis.—Dorsal cup deeply cup-shaped ; symmetry 
decidedly bilateral. Underbasals five, equal, of medium size, 
extending beyond the column, and visible in a side view. Basals 
five, four of them angular above, the posterior one truncate, and 
supporting an anal plate. Radials all meeting laterally, three of 
them equal; the two postero-lateral ones deeply excavated for the 
reception of the anal plate, which they inclose on three sides by 
meeting above. The radials are slightly notched at their upper 
margin, and have upon the outer side of the plate a narrow, 
horseshoe-like articular facet, pierced by a small dorsal canal, 
which is located at some distance from the notch. At the azygous 
side there is only an anal plate, which is subquadrangular, its 
lateral margins arched, its upper face narrower and excavated for 
the ventral sac, which is cylindrical and placed between this plate 
and the lateral extensions of adjoining radials. The tube has a 
ventral position owing to the strongly inflected upper portions of 
the radials. Arms unknown. Column circular; with a small 
central canal. 

The only known species is: 


1866. Achradocrinus ventrosus Schultze, Echin. Hifl. Kalk., p. 101, Pl. 12, fig. 6.— 
Devonian. LHifel, Germany. 
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CODIACRINUS Schultze. 


1866. Schultze, Monogr. Echin. Eifl. Kalk., p. 31. 
1879. Zittel, Handb. d. Palzont., i, p. 364. 


Codiacrinus is closely allied to Achradocrinus ; the anal plate, 
however, is here, we think, fully resorbed by the radials, and the 
basals consist only of three plates. 


Generic Diagnosis.—Of small size; in the form of a poppy-head, 
reversed bell-shaped, or subovoid. Plates thin. Symmetry 
strictly pentamerous. 

Underbasals three, forming a pentagon; two of them larger 
and hexagonal, the third smaller and rhomboidal. Basals equal, 
pentangular. Radials equal; all touching laterally; upper face 
concave, with a narrow semicircular lateral articular facet for the 
reception of the brachials, and with a separate dorsal canal. 
There is no anal plate in the dorsal cup. Nothing is known of 
the ventral side, nor of the arms. 

The only known species is: 


1866. Codiacrinus granulatus Schultze, Monogr. Hchin. Hifl. Kalk., p. 31, Pl. 3, fig. 
9.—Devonian. LHifel, Germany. 


LECYTHIOCRINUS White. 


1880. White, Proceed. Nat. Mus., p. 256. 

1880. White, 12th Ann. Rep. Terr. for 1878 by Hayden, p. 122. 
1880. Worthen, Bull. i, Hlinois St..Mus. Nat. Hist., p. 37. 
1880. Worthen, Illinois Geol. Rep., vol. vii, p. 317. 


This name must not be confounded with Lecythocrinus, Muller, 
which represents a very different generic form. The adoption of 
such similar names, even if permitted by the generally accepted 
rules, should be avoided. The species for which it was proposed 
agrees in the arrangement of its calyx plates with Codiacrinus, 
except the articular facet of the radials, which is wider, directed 
upwards (not obliquely as in that genus), and it has distinct liga- 
mentous fosse, but apparently no central canal. 


1882. Lecythiocrinus Adamsi Worthen, Bull. I, Ill. St. Mus. Nat. Hist., p. 37; also 
Geol. Rep. Ill., p. 317, Pl. 30, fig. 8.—Coal measures. Peoria Co., Ill. 

1880. L. olliculeformis White, Proc. Nat. Mus. for 1879, p. 256, Pl. 1, figs. 4, 5.— 
12th Ann. Rep. Terr. by Hayden, for 1878, p. 124, Pl. 35, figs. 2a, 6.—Coal 
measures, Near Humbold, Kansas. 
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Famity XXTI.—POTERIOCRINIDA. 


It has been stated that the distinction between Poteriocrinidse 
and Cyathocrinide is based principally upon their different mode 
of articulation. The articulation, however, in the Poteriocrinidz 
undergoes certain modifications, and toward the close of the Car- 
boniferous even the calyx begins to show signs of. being capable 
of slight expansion, if not mobility, the plates being frequently 
provided with a fossa along their margins; while in others the 
plates are united by syzygy. ‘Those fosse which extend over the 
whole surface of the opposed faces not only occur between the 
radials, but extend in a vertical direction to the basi-radial suture. 
That they lodged bundles of ligament is almost beyond doubt, 
and Dr. P. H. Carpenter, whom we consulted on this subject, 
regards this union as a suture, but ‘less close, with longer liga- 
ments, and therefore more expansible and movable, than in an 
ordinary suture.” A syzygial union is found among the species 
which Trautschold referred to the genus Cromyocrinus, and 
seems to extend in some of them even to the suture between — 
basals and underbasals, the striation being plainly visible along 
the suture lines. In some of these genera the articulation between 
brachials and arm plates is as highly differentiated as in most of 
the Neoci{noidea, and much more so than in some of them. 

The progressive development in the mode of articulation that 
takes place from the earlier to the later Poteriocrinide is, no 
doubt, of some classificatory value, but we have not been able, 
as yet, to separate them on this ground, as the respective parts 
are generally in an imperfect state of preservation, and there 
appear to be no other distinguishing characters. Moreover, a 
comparison of the earlier Poteriocrinide, such as Scytalocrinus, 
Scaphiocrinus, Pachylocrinus, Celiocrinus and Graphiocrinus, 
with the latter genera Hupachycrinus, Zeacrinus, Hydreionocrt- 
nus, Ceriocrinus, Hrisocrinus, and of the latter with Hnecrinus, 
shows that the two sections shade into one another by such easy 
gradations, that in many cases it is absolutely impossible to draw 
a dividing line. 

The genera of the Poteriocrinide are principally based upon 
the arrangement of the plates at the azygous side, the form of 
the calyx, the proportionate size of the ventral sac, and the 
branching of the arms. Some of the genera have a well-developed 
azygous plate, a special anal piece, and one of the plates support- 


11 
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ing the ventral sac enclosed within the calyx. Others, such as 
Graphiocrinus and Certiocrinus, have no azygous plate, but only 
an anal piece; while in Hrisocrinus, Stemmatocrinus and Encri- 
nus no such plate is found, either within the ring of radials or 
below. In the same degree as paleontologically the calyx grows 
more symmetrical, the ventral sac decreases in size, and probably 
disappeared entirely in Hncrinus, which is closely allied to the 
Poteriocrinidz. Along with these modifications, others are going 
on which take place in the arms. Throughout every genus, a 
development goes on from the uniserial to the biserial arm struc- 
ture, a feature which has not been observed in any other family 
of the Fistulata, and which has no parallel throughout the Neo- 
crinoidea if we exclude Encrinus, which we regard as a somewhat 
higher developed Poteriocrinoid. Hnerinus, especially, offers in 
its arm structure a very striking example. Among its species 
are found arms in all stages of development, some having single 
quadrangular joints, others two rows closely arranged. The 
same variations are found in the arms of Hupachycrinus, Cerio- 
crinus and Hrisocrinus ; while in the earlier Poteriocrinites the 
arms never pass beyond the interlocking stage. That the biserial 
arm structure was developed from single cuneate joints, and not 
only paleeontologically, but also in the growing animal, we had 
opportunity to observe in a very young Encrinus liliiformis, in 
which the arms, to about two-thirds their height, are composed 
of single joints, which gradually become more cuneate, and 
toward the tips are interlocking. This one case, we think, alone 
would be sufficient evidence to prove that the biserial arm struc- 
ture is the higher form, if it was not confirmed by other speci- 
mens of this and other groups. If Hncrinus were a Neocrinoid, 
as supposed by Zittel, De Loriol and Carpenter, the Neocrinoidea 
would begin their existence with the highest differentiated arms 
known to us, and the arms of all other Neocrinoidea up to the 
Comatule of the present seas, would appear to have remained 
persistently in their larval state. This does not seem to us to 
favor the idea of Hncrinus being a Neocrinoid. 

Comparing Lrisocrinus with Hnerinus, the only noticeable 
difference in their fossil state is the presence of a single brachial 
in the former, and two in the latter. To this P. H. Carpenter 
alluded (Chall. Rep., p. 154), admitting it to be “the only point 
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of difference about which we are enabled to speak with certainty.” 
This character, however, is not restricted to Hncrinus; we find it 
more or less among all Poteriocrinidz, but exclusively there and 
in the Encrinide. The two brachials are always joined by suture, 
not by articulation, and this is the case in Hncrinus, in which the 
two pieces are united by syzygy and form actually one plate. 
The compound brachial is scarcely more than a specific character, 
and hence has no value as a distinction between two orders. 

Carpenter takes not only Encrinus, but also Erisocrinus and 
Stemmatocrinus to be Neocrinoidea, because they have no anal 
plate. Anal plates, he states, “are absent in Hrisocrinus as in 
Encrinus, and since a ventral tube or sac like that of Cyatho- 
crinus is always found associated with a system of anal plates, 
the lowest of which is intercalated between two radials, it seems 
rash to postulate its presence in the symmetrical Hrisocrinus.” 
That our conclusions were not so “ rash’ as Carpenter suggested 
is emphatically proved by the fact that an anal plate has actually 
been discqvered by Dr. White in Lrisocrinus. It is located above 
the radials, being enclosed among the interradial plates, where we 
should have expected it from analogy with other groups. Anal 
plates are absent also in two genera of the Cyathocrinidz, in 
Codiacrinus Schultze, and Lecythiocrinus White, which both 
have a perfectly symmetrical dorsal cup. But does that make 
them Neocrinoidea? What more do we know of the ventral struc- 
ture of the Poteriocrinide than of Hnerinus and Erisocrinus? 
If Encrinus is a Neocrinoid, why not all Poteriocrinide? No- 
body ever saw the ventral covering in any Poteriocrinoid—we 
have only found the ventral sac. Yet from analogy with Cyatho- 
erinus and allied forms in which a vault has actually been ob- 
served, it was generally supposed that vault plates were present 
also in the Poteriocrinide. We think the width of the brachials, 
which in this family frequently occupy the entire width of the 
radials, gives a satisfactory explanation why the vault plates are 
not preserved in forms like these. The plates either rested against 
the sloping edges of the radials as in Stemmatocrinus Traut- 
scholdi, or only against their articular extensions as in Symbatho- 
crinus. It is even very possible that the interradials were par- 
tially or wholly resorbed by the muscular processes of the 
radials, as these became developed in the growing Crinoid. 

The subdivisions of Poteriocrinus, which we proposed, have 
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been accepted by Wetherby and Williams, but ignored by 8. A. 
Miller and Prof. Worthen.! 

Extensive collections made by us during the last two years, 
enable us to give additional information respecting these divi- 
sions. Parisocrinus proves to be not only a good genus, but, 
moreover, is a Cyathocrinoid, having no pinnules. Pachylocrinus 
is closer allied to Zeacrinus than to Poteriocrinus, and is proba- 
bly identical with Philocrinus. De Koninck described this genus 
with a monocyclic base, and the calyx strictly pentahedral, but 
from appearance it had underbasals and azygous plates, and is 
identical with Pachylocrinus. We have redefined Scytalocrinus 
and Decadocrinus, which should both be ranked as subgenera 
under Poteriocrinus, and likewise Scaphiocrinus. 

Mr. Percy Sladen, in a paper “ On the genus Poteriocrinus and 
allied forms ” (read before the Geol. and Polyt. Soc. at Yorkshire 
in 1877), separated the English Carboniferous Poteriocrinites 
into four groups: Poteriocrinus, Dactylocrinus, Scaphiocrinus 
and Zeacrinus. To the typical form he referred: P. crassus, P. 
spissus, P. conicus. P. plicatus, P. impressus, P. radiatus and P. 
quinguangularis. We agree with him as to the first four species, 
but we think the last three are Cyathocrinide and should be 
referred to Parisocrinus. Mr. Sladen, unfortunately, figured 


1§. A. Miller, in the 2d Ed. of his Catal. of Pal. Foss., called them 
‘‘subgenera of doubtful utility.”’ Prof. Worthen gives the following rea- 
sons for refusing their acceptance (Bull. i, Illinois St. Mus. Nat. Hist., p. 
4): “First, I see no beneficial result that is likely to come from cumbering 
the nomenclature of paleontology with such terms, and secondly, because 
any proposed subgeneric formula that groups together such diverse forms 
as Zeacrinus maniformis Y. and Sh., and Poteriocrinus Biselli Worthen, 
can be of no practical advantage in the study of this group of Crinoids, and 
hence, until some satisfactory generic characters can be pointed out by 
which they may be separated, it seems advisable to include them all under 
the generic name originally proposed by Miller for them.’’ If our good 
friend had read our paper more carefully, he would have observed that we 
proposed our six subdiv'sions of Poteriocrinus with the distinct statement 
that we ‘‘scarcely deemed the characters upon which they are based sufti- 
ciently important even for subgeneric separation,’’ and that we alluded in 
detail to the difficulty of referring the ‘‘ Zeacrinus’’ maniformis to any of 
the sections. In proposing these subdivisions, however, we only followed 
the suggest’on of Meek and Worthen in 1869 (Proc. Acad. Nat. Sci. Phila., 
p. 138 and note), where, after defining Scaphiocrinus, Zeacrinus and Celio- 
crinus as subgenera under Poteriocrinus, they add, under the head of Scaphio- 
crinus : “The group, however, has been extended by Prof. Hall and others 
so as to include species presenting all the characters given above, and might 
be divided into several sections, distinguished from each other and from the 
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Parisocrinus radiatus to illustrate the genus Poteriocrinus, a spe- 
cies without pinnules, with the arms of a Cyathocrinus, but with 
a Poteriocrinus arrangement of azygous plates. Under Dactylo- 
crinus he included P. tenuis, both of Miller and Austin, 7’. isaco- 
bus and P. rostratus, Austin (pars), Monogr. Rec. and Foss. Crin. 
Pl. 9, figs. 2b,¢ (non 2a,d). Comparing Austin’s P. tenuis, 
which Sladen redescribed as Dactylocrinus loreus, with ‘‘ Poterio- 
crinus” radiatus, there appears to be considerable difference 
between the two forms, but comparing it with P. crassus, Miller’s 
typical species, the difference is not so very great. Austin’s figure 
apparently was made from a very young specimen, as indicated by 
the unusually long arm joints, and it may be a somewhat aber- 
rant form of Scytalocrinus. Sladen’s name Dactylocrinus would 
have priority over Scytalocrinus, had not Quenstedt in 1876 used 
the same name fora different form. P. 7sacobus is, in our opinion, 
a good Poteriocrinus. Sladen refers to Scaphiocrinus: P. latifrons, 
Austin, which we take to be a Pachylocrinus ; and to Zeacrinus: 
Cupressocrinus impressus (Cupressocrinus calyx, McCoy) ; Pote- 
riocrinus Mc Coyanus, and Zeacrinus Phillipsi. We agree with 
him as to the latter species, but we doubt if the other three are 
sufficiently known to assert whether the calices belong to either 
Zeacrinus, Hupachycrinus or Hydreionocrinus. 


typical form, on quite as good characters as those distinguishing the latter 
from Zeacrinus.’’ At the time of J. 8. Miller the genus Poteriocrinus was 
fully sufficient to hold every species then known, but for each species then 
known one hundred have been discovered since. 

When we attempted to revise the Poteriocrinites we found a confusion 
such as existed in no other group of the Paleocrinoidea. The subdivisions 
that had been proposed were so indistinctly defined, and contained such 
diverse elements, that they rather increased the difficulty instead of diminish- 
ing it. As a temporary remedy we proposed our subdivisions, and expect- 
ing they would eventually prove to be distinct genera, we applied to them 
at once generic names. It was at the option of Prof. Worthen to accept 
these divisions or not, but in adding some fifty or more species to the three 
hundred already described, he surely would have aided in the identification 
of his species, and science generally, by referring them to those groups. 
This would have lightened the labors of others, who are now compelled to 
look up for comparison every one of his species. Besides, if Prof. Worthen 
had consulted the Revision, he might have avoided a number of synonyms, 
which “‘cumber the nomenclature of paleontology’? more seriously than 
those few systematic names. It is somewhat curious that after refusing 
to accept the subgenera proposed by us and Prof. Hall, Prof. Worthen 
repeatedly employs the specific names which had already been used by 
previous writers in one or the other of those subgenera. 
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a. Poteriocrinites. 


POTERIOCRINUS J. 8. Miller. 
Rey. I, p. 111. 


Dorsal cup obconical; plates delicate and frequently covered 
with wrinkles ‘or radiating plications. Radials with a semicir- 
cular scar, facing outward, and provided with a transverse artic- 
ular ridge. Brachials one; laterally constricted ; sutures gaping. 
Arms long and branching; composed of wedge-formed plates. 
Ventral sac long, constructed of six longitudinal rows of short 
transverse plates forming a tube; one of these rows resting upon 
the anal piece, another upon the third azygous plate. The plates 
of the tube, which are heavier along their median line, are pro- 
vided laterally with transverse ridges or plications, which all have 
long open slits along their margins. Column circular. 

We add the following species to our list: 


1882. Poteriocrinus Clarkii Williams, Proc. Acad. Nat. Sci. Phila., p. 21, Pl. 1, fig. 
4.—Chemung gr. Steuben Co., N. Y. 
Var. alpha, ibid., p. 22, Pl. 1, fig. 5.—Chemung gr. Ithaca, N. Y. 

1882. P. cornellianus Williams, Proc. Acad. Nat. Sci. Phila., p. 18, Pl. 1, figs, 1, 2, 
3.—Chemung gr. Ithaca, N. Y. 

1836. P. impressus Phill. (not McCoy, 1854 — Hydreionocrinus McCoyanus, nor 
Richter and Unger, 1860). Geol. Yorkshire, p. 205, Pl. 4, fig, 1—Austin, 
1843, Rec. and Foss. Crin., p. 10, fig. 6.—W. and Sp., Rev. i, p. 120.—Sladen, 
1877, On the Genus Poteriocrinus, p. 8.—Bristol, England. 

1882. P. otterensis Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 14: also Geol. Rep. 
Illinois vii, p. 283, Pl. 28, fig. 4.—Otter Creek, Jersey Co., Ill. 


Species having the characters of the Poteriocrinites, but not sufficiently known 
to be referred to the proper genus : 


P. emulus Hall, 1879, Eleventh Indiana Rep., p. 266, is probably a Homo- 
crinus (%). 

1880. P. anomalos Wetherby, Journ. Cincin. Soc. Nat. Hist. (July), p. 15, Pl. 5, fig. 
6.—Kaskaskia gr. Pulaski Co., Ky.—This is one of the most perplexing 
species of this group. It agrees neither with Graphiocrinus, nor Decado- 
crinus, nor Scaphiocrinus, nor Eupachycrinus, and really shades into all 
of them. 

1882. P. arachneformis Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 13, Pl. 28, fig. 
12: also Geol. Rep. Illinois, vii, p. 281, Pl. 28, fig. 12—Keokuk limest. 
Warsaw, Ill. 

P. Bockschii Geinitz. Only known to us from quotations. 
P. calyx Hall, 1879 (non De Koninck, 1853), is only defined from basal 
plates.—Niagara gr. 

1882. P, elytis Worthen, Bull, No. 1, Il. St. Mus. Nat. Hist., P. 16 (not P. clytis on 
p- 25); also Geol. Rep. IIL., vii, p. 294, Pl. 30, fig. 10.—St. Louislimest. Monroe 
Co., Ill.—A very young specimen, as seen by the form of the brachials and 
arm joints; it probably had 10 arms in its adult state, 
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1849. P.crassimanus McCoy (not P,crassimanus Hichw.), Ann. and Mag. Nat. Hist. 
(Ser. ii),vol. iii, p. 245.— Contrib. Palzeont., p.106.—Carboniferous, Derbyshire. 

1882. P. illinoisiensis Worthen, Bull. i, Ill. St. Mus, Nat. Hist., p.10; also Geol. 
Rep. Illinois, vii, p. 289, Pl. 28, fig. 17—Warsaw limest. Warsaw, III. 

1844, P. inequidactylus McCoy, Carboniferous Foss. Ireland, p. 179, Pl. 26, fig. 8.— 
Carboniferous. Ireland. 

P, minimus Austin (not Ad. Roemer) is probably a synonym of Scaphio- 

crinus isacobus. 

1882. P. similis Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 23; also Geol. Rep. 
Illinois, vii, p. 295, Pl. 30, fig. 12.—Kaskaskia limest. Monroe Co., IIl. 
This is evidently a young specimen, probably of one of the other species. 

1882. P, validus Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 18; also Geol. Rep. 
Illinois, vii, p. 287, Pl. 28, fig. 16.—Warsaw limest. Warsaw, III. 


SCAPHIOCRINUS Hall, Rev. I, p. 112. 
(Emend. W. and Sp.) 


Dorsal cup obconical to semi-ovoid ; all its plates closely united 
by suture. Radials truncate above, the articular ridge filling 
almost the entire width of the upper face. Brachials long, simple 
or compound, similar in form to the radials but truncate below; 
line of articulation gaping. In species with compound brachials, 
the two segments have the form and proportions of the one plate 
in the others, and are joined by suture. Arms long, branching; 
arm joints rather long, wedge-form. Azygous side as in Poterio- 
crinus. Column obtusely pentagular. 

Poteriocrinus Jesupi Whitfield, Amer. Mus. Nat. Hist. N. Y., 
Bull. i (Decbr., 1881), is evidently a synonym of P. Swallovi M. 
and W. (compare IIl. Rep., ii, Pl. 16, fig. 4), although Whitfield 
thinks it distinct in the bifurcation of the arms, and in the number 
and arrangement of the anal plates. In the type specimen of P. 
Swallovi only two bifurcations of the arms were preserved, and 
Meek and Worthen remarked on p. 84, that the arms in the upper 
parts “seemed to be simple” in this species. The latter is not 
confirmed by our specimens, of which many have arms and ven- 
tral sac beautifully preserved; they all show essentially the same 
bifurcations as Whitfield’s specimen. Slight variation in the num- 
ber of arm joints in one of the bifurcations cannot be regarded 
as a good specific character, and even an additional division 
of the arms may take place in the same species. The apparent 
variation in the number of “ anal” plates is explained by the fact 
that in the type of P. Swallovi the arms accidentally cover the 
lower portion of the ventral sac, exposing to view only four plates; 
while in Whitfield’s specimen a much greater portion of the ven- 
tral sac is visible. 
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The following species are to be added to our former list : 


a. With simple brachials. 


*1882. Scaphiocrinus kaskaskiensis (Worthen), Poteriocrinus kaskaskiensis, 


*1882 


#1884. 


*1882. 


*1882. 


#1882. 


*1882. 


*1882. 


1880. 


#1882. 


#1882. 


*1882. 


Bull. i, Ill. St. Mus, Nat. Hist., p. 27; also Geol. Rep. IIl., vii, p. 300, Pl. 
30, fig. 15.—Kaskaskia limest. Near Chester, Ill. 


. §.latidactylus (Worthen), Poteriocrinus latidactylus, Bull. i, Ill. St. Mus. 


Nat. Hist., p.8; also Geol. Rep. DL, vii, p. 275, Pl. 28, fig. 6.—Keokuk 
limest. Hamilton, Il. 


. obscurus W. and Sp. (Poteriocrinus tenuidactylus Worthen), Bull. i, of 


the Ill. St. Mus. Nat. Hist., p.6 (not p. 10; nor Pot. [Scaph.] tenuidactylus 
M. and W., 1865); also Geol. Rep. Illinois, vii, p. 271, PI. 28, fig. 13.—Keokuk 
limest. Keokuk, Iowa. The specific name being preoccupied by M. and W. 
in Geol. Rep. IIL, iii, p. 490, Pl. 18, fig. 10, we propose for this species the 
above name, 


. occidentalis (Worthen), Poteriocrinus occidentalis Worthen (not Shum.), 


Bull. i, Ill. St. Mus. Nat. Hist., p. 10; also Geol. Rep. Illinois, vii, p. 278, 
Pl. 29, fig. 2.—Keokuk limest. Hamilton, Ill. The name Pot. occidentalis 
was preoccupied, in 1852, by Owen and Shum., Geol. Rep. of Wisc., lowa 
and Minnesota, p. 596, Pl. 5 b, fig. 5; but, as it has since been referred to 
Agassizocrinus, we propose retaining Worthen’s name for the above species. 


. okawensis (Worthen), Poteriocrinus okawensis, Bull. i, Ill. St. Mus. 


Nat. Hist., p. 24; also Geol. Rep. Illinois, vii, p. 296, Pl. 29, fig. 2.—Kas- 
kaskia gr. Okaw River, III. 


. Orestes (Worthen), Poteriocrinus Orestes, Bull. i, Il]. St. Mus. Nat. Hist., 


p- 7; also Geol. Rep. Illinois, vii, p. 273, Pl. 27, fig. 3.—Keokuk limest. 
Keokuk, Iowa. (Compare with Scaph. Coreyi M. & W.) 


. popensis (Worthen), Poteriocrinus popensis, Bull. i, Ill. St. Mus. Nat. 


Hist., p. 23; also Geol. Rep. Illinois, p. 296, Pl. 29, fig. 12.—Kaskaskia gr. 
Pope Co., Il. 


. propinquus (Worthen), Poteriosrinus propinquus, Bull. i, Il]. St. Mus. Nat. 


Hist., p. 26; Geol. Rep. IIl., vii, Pl. 29, fig. 9.—Kaskaskia gr. Monroe Co., Il. 


. Salteri (Worthen), Poteriocrinus Salteri, Bull. i, Ill. St. Mus. Nat. Hist., 


p. 21; Geol. Rep. Ill., vii, Pl. 29, fig. 18.—Kaskaskia gr. Chester, Ill. 


. Spinifer Wetherby, Journ. Cincin. Soc. Nat. Hist. (July), p. 13, Pl. 5, fig. 


5.—Graphiocrinus spinifer S. A. Miller, 1883, Catalogue Amer. Pal. Foss. 
Ed. ii, p. 287.—Kaskaskia gr. Pulaski Co., Ky. 


. Spinobrachiatus (Worthen), Poteriocrinus spinobrachiatus (not Hall), 


Bull. i, Ill. St. Mus. Nat. Hist., p. 20; also Geol. Rep. IIL, vii, p. 290, PI. 
29, fig. 1.—Kaskaskia gr. Monroe Co., Ill. Hall described in 1861 a 
species under P, (Scaphiocrinus) spinobrachiatus, which we referred in 
Rev. i, p. 123, to Graphiocrinus. 


. varsoviensis (Worthen), Poteriocrinus varsoviensis, Bull. i, Ill. St. 


Mus. Nat. Hist., p. 20; also Geol. Rep. Illinois, vii. p. 290, Pl. 28, fig. 
15.—Warsaw limest. Warsaw, IIl. 


. venustus (Worthen), Poteriocrinus venustus, Bull. i, Ill. St. Mus. Nat. 


Hist., p. 24; also Geol. Rep. Ill., vii, p. 297, Pl. 29, fig. 13.—Kaskaskia gr. 
Monroe Co., Ill. 


Syn. P. peculiaris Worthen, (described Bull. i, Ill. St. Mus. Nat. Hist., p. 25, as 


Pot. clytis), Geol. Rep. IIl., vii, p. 298, Pl. 29, fig. 10.—The specimen from 
which the species was described has an anomalous arrangement of anal plates. 
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#1882. 


#1882. 


#1882. 


#1884. 


*1882. 


#1844, 


*1873. 


#1882, 


#1882, 


*1882. 


b. With compound brachials. 


S. briareus (Worthen), Poteriocrinus briareus, Bull. i, Ill. St. Mus. Nat. 
Hist., p. 12; also Geol. Rep. IIL, vii, p. 279, Pl. 27, fig. 4. Keokuk limest. 
Keokuk, Ia., and Bono, Ind, The specific name is given at all places as 
P. brizrius, but evidently was intended for Pot. briareus. 

S. Burketi (Worthen), Poteriocrinus Burketi, Bull. i, Ill. St. Mus. Nat. Hist., 
p- 5; also Geol. Rep. Illinvis, vii, p. 270, Pl. 28, fig. 8.—Keokuk limest. 
Hamilton, Ill. 

S. coxanus (Worthen), Poteriocrinus coxanus, Bull. i, Ill, St. Mus. Nat. 
Hist., p.4; also Geol. Rep. Illinois, vii, p. 269, Pl. 27, fig. 1—Keokuk 
limest. Keokuk, Iowa. 

S. cultidactylus Hall, 1859, was redescribed and figured Geol. Rep. Illinois, 

vii, p. 301, Pl. 30, fig. 1. 

extensus W. & Sp., Poteriocrinus asper Worthen, not Pot. (Pachylocr.) 

asper (W. & Sp., Rev. i, p. 116), Bull. i, Ill. St. Mus. Nat. Hist., p. 11; also 

Geol. Rep, Illinois, vii, p. 278, Pl. 27, fig. 8.—Keokuk limest. Keokuk, Iowa. 

Poteriocrinus asper being preoccupied, we propose the above name in place 
of it. 

S.iowensis (Worthen), Poteriocrinus iowensis, Bull. i, Ill. St. Mus. Nat. 
Hist., p. 6; also Geol. Rep. Illinois, vii, p. 272.—Keokuk limest. Hamilton, 
Til. 

S. macrocheirus (McCoy), Cyathocrinus macrocheirus, Synop. Carb. Foss. 
Treland, Pl. 25, figs. 8, 10.—Subearboniferous, Ireland. (This species has 
three brachials.) 

S. montanaensis (Meek), Poteriocrinus montanaensis, Ann. Rep. U. S. Geol. 
Rep. Terr. for 1872, p. 469; also White, 12th Ann. Rep. of the Terr., by 
Hayden, for 1878, p. 128, Pl. 55, fig. 6a.—Carboniferous. Virginia City 
Montana. 

S. nauvooensis (Worthen), Poteriocrinus nauvooensis, Bull. i, Ill. St. Mus. 
Nat. Hist., p.13; also Geol. Rep. Illinois, vii, p. 282, Pl, 28, fig. 10.— 
Keokuk limest. Nauvoo, Ill. 

8. pikensis (Worthen), Zeacrinus pikensis, Bull. i, Ill. St. Mus. Nat. Hist., 
p- 304; Geol. Rep. D., vii, Pl. 30, fig. 3.—Burlington limest. Pike Co., 
Illinois. 

8. sculptus (Worthen), Poteriocrinus sculptus, Bull. i, Ill. St. Mus. Nat. 
Hist., p. 21; also Geol. Rep. Illinois, vii, p. 292, Pl. 29, fig. 8—Kaskaskia 
gr. Monroe Co., Ill. 

(Poteriocrinus subramulosus Worthen, III. St. Mus. Nat. Hist., p- 14; Geol. 
Rep. Illinois, vii, p. 284, is a synonym of Pot. (Scaphiocrinus) Swallovi 
M. & W. This species passes from the upper part of the Upper Burlington 
into the Keokuk limestone). 


We 


SCYTALOCRINUS W. and Sp., Rev. I, p. 116. 


Syn. Dactilocrinus Sladen, 1877 (not Quenstedt), in part (On the genus 


Poteriocrinus, p. 4). 


General form, including arms, slender, almost cylindrical. 
Dorsal cup obconical or bell-shaped ; plates strong but not mas- 


Sive, 


connected by close suture. Underbasals well developed, 
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bent upward and forming a conspicuous part of the calyx. Radials 
and brachials of nearly the same form, apposed faces truncate, with 
a transverse articular ridge and somewhat shallow fosse; line of 
articulation gaping. The brachials either single or compound, 
generally elongate, constricted along the middle. They support 
two simple arms each, except in the anterior ray, which some- 
times has but a single arm. - Arms long, rather heavy, composed 
of quadrangular or slightly cuneiform joints; pinnules of mode- 
rate size. Azygous side as in Poteriocrinus ; ventral sac tubular, 
with slit-like openings, and frequently spiniferous at the distal end. 
Column circular or obtusely pentagonal. 
Additional species :— 


a. With single brachials. 


#1877. Scytalocrinus loreus (Sladen), Dactylocrinus loreus (Poteriocrinus tenuis 
Austin, non Miller), Mon. Ree. and Foss. Crin., Pl. 10, fig. 5.—On the genus 
Poteriocrinus, etc., p. 5.—Subcarboniferous. England. 

#1821. §. tenuis Miller, Nat. Hist. Crin., p. 71, Pl. 21-23. Dactylocrinus tenuis 
Sladen, 1877, ‘On the genus Poteriocrinus, p. 5.” 

*1880. S. Wachsmuthi Wetherby, Journ. Cincin. Soc. Nat, Hist. (July), p. 12, Pl. 5, 
fig. 4. Kaskaskia limest. Pulaski Co., Ky. 


b. With compound brachials. 


(Poteriocrinus hamiltonensis Worthen, 1882, Bull. i, Ill. St. Mus. Nat. Hist., 
p- 7; Geol. Rep. Illinois, vii, p. 273, Pl. 28, fig. 9, Syn. of Poteriocr. 
(Scytalocr.) robustus Hall). 
*1882. Scytalocrinus Talboti (Worthen), Poteriocrinus Talboti, Bull. i, Ill. St. Mus. 
Nat. Hist., p. 17; also Geol. Rep. Illinois, vii, p. 287, Pl. 30, fig. 7.—St. 
Louis limest. Monroe Co., Ill. 


DECADOCRINUS W. and Sp., Rey. I, p. 119. 


Arms ten, rarely nine, the anterior ray sometimes undivided. 
Dorsal cup depressed, saucer-shaped, with a deep concavity along 
the basal regions. Underbasals small, not seen in a side view, 
and frequently covered almost entirely by the column. Form of 
radials and brachials and articulation as in Scytalocrinus ; brachi- 
als simple or compound. Arms composed of single wedge-form 
joints, with keel-like projections at alternate sides, and with 
strongly waving or zigzag outlines. Pinnules unusually strong, 
placed far apart, and resembling armlets; composed of short 
cuneate joints, with spurs or keels upon their basal joints. Azygous 
side as in Poteriocrinus. Ventral sac more or less club-shaped ; 
constructed of numerous rows of regularly arranged hexagonal 
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pieces, with a pore at each angle. Column pentagonal, with 
rounded angles. 

Decadocrinus agrees closely with Graphiocrinus, but the latter 
has no azygous plate, only an anal piece. 

Additional species :— 


a. With simple brachials. 


*1882. Decadocrinus columbiensis (Worthen), Poteriocrinus columbiensis, Bull. 
i, Ill. St. Mus. Nat. Hist., p. 22; also Geol. Rep. Illinois, vii, p. 293, Pl. 19, 
fig. 6.—Kaskaskia limest. Monroe Co., Ill. 

*1882. D. fountainensis (Worthen), Poteriocrinus fountainensis, Bull. i, Ill. St. 
Mus. Nat. Hist., p. 17; also Geol. Rep, Illinois, vii, p. 286, Pl. 30, Fig. 
11.—St. Louis limest. Monroe Co., Il. 

*1881. D, Milleri (Wetherby), Poteriocrinus Milleri (not Worthen), Journ. Cincin. 
Soc. Nat. Hist. (January), Pl. 9, figs. 12, 13.—Kaskaskia gr. Pulaski 
Co., Ky. 

*1882. D. penicilliformis (Worthen), Poteriocrinus penicilliformis, Bull. i, Il. St. 
Mus. Nat. Hist., p.8; also Geol. Rep. Illinois, vii, p. 276, Pl. 28, fig. 9.— 
Keokuk limest. Hamilton, Ill. 

1882. D. zethus Williams. Proc. Acad. Nat. Sci. Phila., p. 27, Pl. 1, fig. 9.—Port- 

age gr. Ithaca, N. Y. 


b. With compound brachials. 


1882. D. gregarius Williams. Proc. Acad. Nat. Sci. Phila., p. 22, Pl. 1, figs. 6,7, 8— 
Chemung gr. Ithaca, N. Y. 


WOODOCRINUS De Koninck. Rey. i, p. 124. 
(Emended W. and Sp.) 


Syn. Parisocrinus W. and Sp. Rev. i, p. 115. 

Syn. Zeacrinus Hall (not Troost) in part. Geol. Rep. Ia., vol. i, p. 544. 
Syn. Zeacrinus Sladen, 1877. On the genus Poteriocrinus, etc., p. 7. 

Syn. (?) Philocrinus De Koninck, 1862. Quart. Journ. Geol. Soc. London. 


The ventral side of Woodocrinus has not been observed, but 
we may suppose from the spreading of the arms that its sac was 
rather bulky. This is further suggested by the great width of 
the azygous side, which, however, is composed of the same 
elements as in most Poteriocrinites, and is not structurally dis- 
tinct as has been generally supposed. It has, like Poteriocrinus, 
within the calyx three azygous plates—the succeeding pieces 
forming the abactinal parts of the ventral sac—which for some 
distance, are exposed between the arms. It differs from Scaphio- 
crinus in the shortness of its arm joints and arms generally. 
This it shares, however, with Pachylocrinus as defined by us, and 
with Zeacrinus Troost. 


164 PROCEEDINGS OF THE ACADEMY OF. [1886. 


In our description of Zeacrinus (Rev. i, p. 125), we stated the 
difficulty of separating it from Woodocrinus. The only differ- 
ence, there noted, was the folding up and the smaller size of the 
arms in the former, and upon this distinction almost exclusively 
we based the separation. We also stated that the calyx in 
Woodocrinus was generally more turbinate, in Zeacrinus de- 
pressed with concave basal regions, but also to this rule we 
found exceptions among the species which had been referred 
to the latter. Equally impracticable would be a separation 
upon the arm joints, although these vary considerably among 
the typical species. The arms of Zeacrinus magnoliaformis are 
dorsally perfectly flat, those of Woodocrinus macrodactylus 
decidedly rounded, and Hall, Meek, Worthen and White placed 
under Zeacrinus species with flat, rounded and angular arms. 

The species which we arranged in Pt. i, under Pachylocrinus, 
had been originally, with a few exceptions, described under 
Zeacrinus. Their arms, like those of the latter, are more or less 
closely folded up, and they dichotomize in a similar manner. All 
are composed of short quadrangular joints, and all have a club- or 
elongate balloon-shaped, ventral sac; while the sac in Zeacrinus 
magnoliaformis is pyramidal, with sharp lateral edges and concave 
sides. In the latter the form of the calyx is disk-like, in the 
others bowl-shaped. Mr. Percy Sladen, the only English writer 
who advocated the necessity of subdividing the original genus 
Poteriocrinus, placed Poteriocrinus McCoyanus, P. calyx, P. 
granulosus and P. Phillipsti under Zeacrinus. We fully agree 
with him that these four species cannot be retained under Poterio- 
erinus, having close affinities with Zeacrinus, but we believe the 
three former will prove to be Hydreionocrinus, his Zeacrinus 
Phillipsii a Pachylocrinus or Woodocrinus, as also Poteriocrinus 
latifrons Austin, which he referred to Scaphiocrinus. Sladen 
probably was not acquainted with Troost’s type of Zeacrinus, as 
he took Z. elegans to be a typical form, an opinion in which we 
have shared until quite recently, when we obtained numerous 
beautifully-preserved specimens, both of “Zeacrinus”’ elegans and 
Troost’s typical species, from the Kaskaskia limestone. The 
later forms differ from the earlier not only in the form of their 
ventral sac, but also essentially in the construction of their 
calyx. In the typical species the dorsal cup is disk-like, almost 
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flat, the radials extremely large, touching with their acute lower 
angles the underbasals, thereby almost isolating the five basals. 
The basals in these species consist of minute trigonal pieces of 
irregular form, and also the underbasals are small, and rest 
deeply within the columnar concavity (Pl. 6, fig. 9). In the 
earlier form, notably “ Zeacrinus” elegans, however, the basal 
cup is bowl-shaped, and the basals are comparatively larger. The 
arrangement of the azygous pieces upon which DeKoninck 
placed so much stress in defining Woodocrinus, is, in our opinion, 
not different from that of Poteriocrinus or Scaphiocrinus, only 
more plates of the ventral sac are exposed to view, owing to the 
width of the azygous side, and as we see no other distinction 
between Woodocrinus and our Pachylocrinus, we place the 
species which we had referred to the latter, including “ Zeacrinus” 
’ elegans and a few others of the same type, under Woodocrinus, 
as this name has priority. Perhaps, if all American species were 
as distinct as “ Zeacrinus”’ elegans from Woodocrinus macrodac- 
tylus, it might be possible to make the former the type of a 
separate group, but as we find all intermediate forms, from 
infolding arms to spreading arms, and two to five or more bifur- 
cations, flat, angular and rounded arms, any such separation must 
be adandoned. 

Philocrinus, De Koninck, from Punjaub, India, is probably, to 
judge from the figure, a species of Woodocrinus. We think it has 
azygous plates, but these were covered by matrix in DeKoninck’s 
specimen. We also doubt if the arm plates of first and second 
order were laterally connected by suture; these evidently were 
free as in the Fistulata generally. 

Revised Diagnosis—Calyx sometimes obconical, more fre- 
quently depressed-bowl-shaped, and the underbasals bent inward, 
forming a concavity. Basals large, constituting a continuous 
ring beneath the radials. Azygous plates arranged as in Poferio- 
crinus ; ventral sac slightly inflated. Brachials composed of one 
or two pieces, which jointly have the form and size of the radials ; 
they are wider than long, and their lateral margins are fitted 
closely together as if they were united by suture. This infolding 
of the brachials extends also to the arm plates up to the second 
bifurcation; and is often found throughout the full length of the 
arms. The arm joints are short, quadrangular, rarely cuneate, 
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the apposed faces, more or less parallel and flat, angular or 
rounded on their outer face. The arms dichotomize and each 
branch gives off one or more branches to the inner side of the 
ray, which either bifurcate again or remain simple. The articu- 
lation is the same as in Scaphiocrinus. Column circular, or 
obtusely pentangular. 

The zoological position of Woodocrinus is probably between 
Scaphiocrinus and Zeacrinus. 


Geological Position, etc.—The genus occurs only in the Subcar- 
boniferous, and almost exclusively in the lower portions. 

We place under Woodocrinus the following species, all of which 
were referred by us, Rev. i, p. 116, to Pachylocrinus: Zeacrinus 
arboreus Worthen, Zeacrinus asper M. and W., Zeacrinus concin- 
nus M. and W., Poteriocrinus latifrons Austin, Scaphiocrinus 
liliiformis M. and W., Zeacrinus merope Hall, Zeacrinus paternus 
Hall, Zeacrinus perangulatus White, Zeacrinus planobrachiatus 
M. and W., Pachylocrinus subequalis W. and Sp., and the follow- 
ing, which in Rev. i, p. 128, were placed under Zeacrinus: Pot- 
ertocrinus bursxformis White, Zeacrinus elegans Hall, Zeacrinus 
ramosus Hall, Zeacrinus scobina M. and W., Zeacrinus serratus 
M. and W., and Zeacrinus troostanus M. and W. 

The following species are to be added :— 


*1882. Woodocrinus asperatus (Worthen), Poteriocrinus asperatus, Bull. i, Ill. St. 
Mus. Nat. Hist., p. 12, also Geol. Rep. Illinois, vii, p. 280, Pl. 28, fig, 2.— 
Keokuk limest. Keokuk, Ia. 

*1882. W. claytonensis (Worthen), Poteriocrinus claytonensis, Bull. i, Il]. St. Mus. 
Nat. Hist., p. 18; also Geol. Rep. Illinois, vii, p. 288, PI. 30, fig. 6—War- 
saw limest. Adams Co., 111. 

*1862. (?) W. cometa (De Koninck), Philocrinus cometa, Quart. Journ. Geol. Soc. 
London, PI. ii, fig. 1.—Subcarboniferous. River Indus, India. 

1854. W. macrodactylus De Koninck. Type of the genus, Recherch. Crin. Belg., 

Suppl., p. 6, Pl. 8, figs. 1 a-d.—Subearboniferous. Richmond, England. 

*1882. W. richfieldensis (Worthen), Poteriocrinus richfieldensis, Bull. i, Ill. St. 
Mus. Nat. Hist., p. 15; also Geol. Rep. Ill., vii, p. 285, Pl. 30, fig. 5.— 
Waverly (Kinderhook) group. Richfield, 0. 

*1883. W. tentaculatus (Worthen), Poteriocrinus tenuidactylus, Bull., i, Ill. St. 
Mus. Nat. Hist., p.10; Poteriocrinus tentaculatus, Geol. Rep. Llinois, vii, 
p- 277, Pl. 28, fig. 11.—Keokuk limest. Keokuk, Ia.—Prof. Worthen finding 
the former specific name occupied, changed it to the latter. This species is 


a typical form of Woodocrinus, and has the heavy rounded arms as De 
Koninck’s species. 
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ZEACRINUS (Troost MS.) Hall, Rey., i, p. 125. 
Revised W. and Sp. (Pl. 6, fig. 9, and Pl. 9, fig. 3). 


Zeacrinus differs from Woodocrinus (Pachylocrinus) in the 
form of the ventral sac, which, as described by us, is pyramidal, 
sharply angular and pointed at the upper end; while that of 
Woodocrinus is club-shaped, inflated above. The two genera 
differ also in the construction and form of the dorsal cup, which 
in Zeacrinus is much more depressed and disk-like. Basals 
exceedingly small, trigonal, deeply notched for the reception of 
the radials. The underbasals at the inner floor of the calyx are 
generally larger than they appear at the outer side, and the 
angles of the radials sometimes touch the underbasals. Plates 
of the calyx massive, especially the radials, their distal faces 
sloping outward; articular facets with muscular extensions. 
Arm plates generally flat, except the axillaries, which frequently 
are tuberculous. The arms dichotomize toward the inner side of 
the ray from each main division, the branches rarely dividing 
again. The arm joints are short, transversely arranged, those of 
the same rank slightly increasing in width upwards, those of the 
next order narrower by one-half than the preceding bifurcating 
plate. By this structure, the arms of each ray, and of the main 
divisions of the rays, form laterally a straight line, by means of 
which they fit in so closely against the arms of adjoining rays, 
that they often appear as if nnited by suture. Column round, 
comparatively small. 

We now recognize under Zeacrinus only the following species, 
viz.: Zeacrinus bifurcatus, Z. compactilis Worthen; 7. magnolia- 
formis O. and N.; Z. ovalis Lyon and Cass.; 7. Wortheni Hall, 
and our new species Z. nodosus, all other species which were re- 
ferred by us to this genus are found now under Woodocrinus. 


Zeacrinus nodosus, nov. sp. (PI. 6, fig. 3). 


The largest known species of the genus. All plates of calyx 
and arms nodose, except basals and underbasals; the nodes on 
all axillaries, and the first plate of each succeeding order of arm 
plates, almost covering the entire surface of the plate; while at 
the intermediate plates the nodes have more the shape of small 
tubercles, arranged so as to occupy an excentric position, leaning 
slightly toward the wider or pinnule-bearing side, thereby forming 
along the arms two rows of nodes, alternately arranged. 

Underbasals of medium size, extending beyond the column, 
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forming a shallow inverted cup, decagonal at the outer side. 
Basals trigonal, very minute, irregular in size, the two anterior 
ones smaller than the others. Radials large; broadly truncate 
below; subquadrangular in outline but hexagonal; the three 
lower faces scarcely as wide as the lateral ones, and narrower by 
one-half than the upper side. Brachials 1 <5; four of them tri- 
angular, giving off two arms each; the anterior one quadrangular, 
with only one primary arm. The arms bifurcate on the fifth 
plate, and again on the tenth to fifteenth; the higher divisions 
are not known. In this species, exceptionally, the inner arms 
branch again. 

Azygous plate elongate, resting upon the underbasals; the 
right lateral face, which is slightly convex, abutting against the 
right posterior radial, its upper side supporting the anal plate; 
leaning with its left lateral side against the other radial, and with 
its lower sloping side against the adjoining basal. 


Geological Position, ete.—Keokuk limestone. White’s Creek 
Springs, near Nashville, Tenn. 


CELIOCRINUS White, Rey. I, p. 131. 
Syn. Spheronites Phill., Palzeoz. Foss. Cornwall, p. 135. 


We have heretofore made Celiocrinus a subgenus of Hydreio- 
nocrinus, owing to slight variations in the form and construction 
of the ventral sac, which we thought to be the only distinctive 
character. Beautiful specimens, however, which we obtained since 
in Kentucky, show that the two forms differ in their mode of ar- 
ticulation in a similar manner as Woodocrinus and Zeacrinus, 
Scytalocrinus and Hupachycrinus, which we ranked as full genera. 
In Celiocrinus the calyx is conical, in Hydreionocrinus depressed 
—saucer-shaped. 

Celiocrinus is found also in Europe. Phillips, in his work on 
the Palzoz. Foss. of Cornwall, gives on Pl. 59 a good figure of 
what we take to be the balloon-shaped ventral sac of this genus. 
His figure was copied from the Geo]. Trans. (new ser-.), vol. iii, 
Pl. 20, which had been published with a note by Mr. Broderip, 
“calling attention to some analogy between this fossil and 
Chelyosoma macleayanum, a species of tunicate Mollusca, which 
has a few coriaceous plates on the upper surface only.” Phillips, 
and apparently Austin, took it to be allied to Hchinospherites otf 
Wahlenberg, and called it provisionally Spheronites tessellatus, 
which we propose to change into Caliocrinus tessellatus. 
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In its arm structure Celiocrinus leans decidedly toward Woodo- 
erinus, but approaches Hydreionocrinus in the form of its sac- 
like appendage. 

We have already referred to it Celiocrinus dilatatus (Hall) 
White; C. cariniferus (Worthen) W. and Sp.; C. lyra (Worthen) 
W. and Sp.; C. subspinosus White, and C. ventricosus (Hall) 
White, and now add further : 

#1840. C. tessellatus (Phill.), Speronites tessellatus, Palwoz. Foss. Cornwall, p. 
135, Pl. 59.—Subearbon. (?). Locality (?). 
HYDREIONOCRINUS De Kon., Rev. I, p. 123. 

Wetherby, in a paper on the Crinoids of Pulaski Co., Ken- 
tucky, figured and described a new species of Hydretonocrinus, 
which he referred with doubt to Hydreionocrinus (Zeacrinus) 
armiger (M.and W.). Several fine specimens of this form, which 
we obtained lately at Sloan’s Valley, Ky., show it to be specifically 
distinct from either H. armiger or H. depressus of the same 
locality. We propose for it the name Hydreionocrinus Wether- 
byi, in honor of the discoverer of this interesting locality. The 
species, which was figured Journ. Cincin. Soc. Nat. Hist., vol. iii, 
figs. 7, 8, 9, 10, differs from H. depressus, with which it has prob- 
ably the closest affinities, in the less depressed form of the dorsal 
cup, and in the basal concavity, which is shallow and almost re- 
stricted to the underbasals ; while in the other the cup is deeply 
excavated, and the concavity includes even a portion of the 
radials. In-our species, every brachial bifurcates, in the other 
only four; the anterior radial which is quadrangular, supporting 
-asingle primary arm. In the former all five radials are spinifer- 
ous, in the latter only four, and the spines are shorter and sharper. 
Tne i: depressus the primary arms branch four times, in H. 
Wetherbyi only twice, and the arms, which in the former taper to 
a small point, remain comparatively heavy in the latter. Again, 
in H. depressus the arm joints, from the second bifurcation up- 
wards, are biserial, while in H. Wetherbyi they do not pass the 
interlocking stage. In the former the ventral sac is armed with 
ten spines which join along the centre, the latter has five only, 
and these enclose a variable number of small plates. 

Hydreionocrinus (?) orbicularis De Koninck will be found 
under Cromyocrinus. 


#1884. H. Wetherbyi W. and Sp.—Hydreionocrinus (Zeacrinus) arminger (M. & 
W.) Wetherby, Journ. Cincin. Soc. Nat. Hist., iii, p. 5, figs, 7-10.—Kaskas- 
Pes gr. Pulaski Co., Ky. 
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CROMYOCRINUS Trautschold. 
(Reconstructed W. and Sp.) 


1867. Trautschold, Crin. jing. Bergkalk bei Moskau, p. 19. 

1879. Trautschold, Monogr. Kalkbr. von Mjatschkowa, p. 117. 

1879. Zittel, Handb. der Palzont., i, p. 360. 
Syn. Lupachycrinus in part (W. and Sp.), Revision i, p. 183. 
Syn. Hydretionocrinus in part (De Koninck); Syn. Agassizocrinus in 
part (Worthen); Syn. Poteriocrinus in part (McCoy). 


Placing Cromyocrinus asa synonym under Hupachycrinus, we 
found it impossible to uphold the genus upon any of the charac- 
ters that had been pointed out by Trautschold. Wetherby has 
asserted (Journ. Cincin. Soc. Nat. Hist., iii, p. 8), that the genus 
was “ well fitted to embrace all those species having three or more 
anals, a body composed of comparatively heavy, convex plates, 
and ten arms composed of a single row of joints.” He further 
proposed to refer to Hupachycrinus all those species of this 
group having one or more anals, heavy rounded calyx plates, ten 
to fourteen arms, and these composed of a double series of inter- 
locking plates. The biserial arm structure, which is only a higher 
form of the uniserial one, is as closely intermingled with the latter 
in the Russian form as in the typical Hupachycrinus, and also 
the plates of the calyx are heavy and convex in both groups. 
The only distinction of Wetherby upon which perhaps a separa- 
tion of the species referred by us to Hupachycrinus might be 
established, is the number of azygous plates. We can separate 
the species with a single plate from those with three pieces, as 
proposed by White. A division of this kind, however, does not 
in the least affect Cromyocrinus, which, like the typical Hupachy- 
crinus, has three azygous plates. But Cromyocrinus differs from 
the typical form of Hupachycrinus, in the form of the calyx, the 
relative size of the various plates, and in their mode of union. 
In all American species of Hupachycrinus, the form is de- 
pressed, more or less saucer-shaped, and the underbasals, which 
are very small and totally covered by the column, rest within a 
deep concavity together with the lower portions of the basals. 
The latter plates, and also the radials, are comparatively large, 
the underbasals small. In Cromyocrinus the calyx is globular, 
constricted at the upper end, the underbasals large, extending 
conspicuously beyond the column and forming a shallow cup. 
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The basals are so extremely large, the radials so comparatively 
small, that the former, together with the underbasals, frequently 
constitute over three-fourths of the cup, while in Hupachycrinus 
the same parts occupy not more than half that space. Besides, 
the plates of Cromyocrinus are united by syzygy, and not by 
ligamentous fossz, as in most species of Hupachycrinus. 

Our attention was directed to these facts by a species figured 
and described by De Koninck under the name ef Hydreionocri- 
nus (?) globularis, which in a somewhat higher degree has all the 
characters of Cromyocrinus, and at the same time resembles cer- 
tain forms described under Agassizocrinus. 

To Agassizocrinus have been referred two very distinct groups, 
the one almost always without column or even columnar attach- 
ment, with a large almost solid, subglobular or semiovoid under- 
basal cup, nearly truncate upper side, and small basals. The 
other, always attached to a column, with comparatively small 
underbasals, stretched out horizontally so as to form a five-rayed 
star, and with extremely large basals partly on the same plane 
with the underbasals. The latter species, which include Agassizo- 
erinus globosus and Agassizocrinus papillatus, both described by 
Worthen, agree most closely with Hydreionocrinus (?) globularis 
De Koninck; Poteriocrinus nuciformis McCoy ; Cyathocrinus (?) 
sangamonensis M. and W., all previously referred by us to Hupa- 
chycrinus, and all agree equally well with Cromyocrinus simplex 
from Russia. These species, we think, might be arranged under 
Cromyocrinus, and the only thing which prevented us from doing 
so before, is the similarity with Trautschold’s two other species 
(Cromyocrinus geminatus and C. ornatus), which in their arm 
structure and general form approach Hpachycrinus; while they 
agree in other points with Cromyocrinus simplex. 

Cromyocrinus is closely allied to Agassizocrinus, to which it 
holds a similar position as Pentacrinus to Antedon. We doubt 
if Cromyocrinus ever became detached from its column, while all 
species of Agassizocrinus lose their column comparatively early. 

Generic Diagnosis.—Dorsal cup globular, constricted above; 
- composed of heavy plates ; sometimes (perhaps always) united 
by syzygy. 

Underbasals comparatively large, plainly visible beyond the 
column, horizontally arranged and forming a sharply delineated 
star, or sometimes a very shallow cup with a slight depression for 
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the attachment of the column; suture lines well defined. Basals 
large; generally as high or higher than wide; three of them equal, 
hexagonal; the two adjoining the azygous side heptagonal, larger 
and of a different form. 

Radials all pentagonal; the lateral faces often so short as to 
give to the plates a trigonal outline; their outer faces abruptly 
depressed or rounded off toward the brachials ; upper side straight, 
facing upward; articular ridge well developed and occupying the 
full width of the plate. The right posterior radial narrower than 
the others, its lower left side disturbed by the azygous piece. The 
azygous plate is very large, placed in a sloping position, its two 
lower sides resting between two basals, its left side against the 
adjoining radial. The small truncate upper side supports the first 
plate of the ventral sac, the right side faces the anal plate, which 
is always considerably smaller, and extends beyond the limits of 
the radials. Brachials one or two; short; laterally touching their 
fellows of adjoining rays. Arms 5 to 10 or more; heavy, composed 
of short quadrangular joints, which change into cuneate pieces 
and in some species interlock. Arm furrows wide; pinnules 
strong. Articulation between radials and brachials and between 
the lower arm joints by transverse ridges and fossze. 

Ventral sac imperfectly known, but evidently short. Column 
small, circular ; axial canal minute. 


Geological Position, etc.—Cromyocrinus is found in the upper 
portion of the Subcarboniferous of Russia, England, Scotland, 
Belgium, and of the United States. 

We place here the following species :— 


1867. Cromyocrinus geminatus Trautschold. Referred by us, Rev., i, p. 188, to 
._Eupachycrinus. 

#1873. C. globosus (Worthen), Agassizocrinus globosus. Geol. Rep. Illinois, vol. v, 
p. 557, Pl. 21, fig. 12.—Kaskaskia gr. Chester, Illinois. 

#1858. C. globularis (De Koninck), Hydreionocrinus (?) globularis, Memoirs de 
Paléont., p. 21, Pl. 2, figs. 1-4.—Referred by us, Rey. i, p. 138, to Eupachy- 
erinus.— Upper part of Subcarboniferous. Near Glasgow, Scotland. 

#1849. C. nuciformis (McCoy), Poteriocrinus nuciformis, Ann. and Mag. Nat. Hist. 
(Ser. ii), not P. nuciformis, Goldfuss (Fischer); also 1854, Contrib. Brit. 
Palxont. by Sedgwick, p. 116.—Subcarboniferous. Derbyshire, England. 

1879, C. ornatus Trautschold. Referred by us, Rev., i, p. 138, to Eupachycrinus. 

#1867, C. papillatus (Worthen), Agassizocrinus papillatus, Bull., i, Ill. St. Mus. 
Nat. Hist., p. 36; also Geol. Rep. Ill., vii, Pl. 29, fig. 17.—Kaskaskia gr. 
Monroe Oo., Il. 
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*1861. C. sangamonensis (M. and W.), Cyathocrinus (?) sangamonensis). Referred 
by us, Rey., i, p. 138, to Eupachycrinus. 
1867. C, simplex Trautschold (Type of the genus). Formerly referred by us to 
Eupachycrinus, 


EUPACHYCRINUS M. and W., Rey., i, p. 133. 
(Restricted, W. and Sp.). 


Accepting the genus Cromyocrinus, we have to consider only 
those species in which the cup is depressed or saucer-shaped, with 
small underbasals hidden from view and placed at the end of the 
basal concavity. These species, however, are divisible again into 
two groups: a, species with three azygous plates within the dorsal 
cup, 2.é., the typical form of Hupachycrinus, and : b, species with 
a small anal plate, partly extending into the equatorial regions, 
for which White proposed the genus Ceriocrinus. Accepting 
also this division (see Ceriocrinus), and admitting into Hupachy- 
crinus such species as “ Cromyocrinus ” gracilis Wetherby, which 
has but five arms, and Hupachycrinus spartarius, Miller, with 
fourteen arms, we must modify our former generic formula so as 
to admit species with five to fifteen arms in place of ten, as we 
had previously given it. Thus restricted, Hupachycrinus is a 
strictly American genus, embracing only the following species : 

Eupachycrinus Bassetti Worthen, L. Boydii, EL. crassus, Meek 
and Worthen, £. formosus Worthen, EL. orbicularis (Hall), £. 
quatuor-decim-brachiatus (Lyon), . subtumidus Worthen, L. 
tuberculatus M. and W., and L£. verrucosus White, all previously 
reported, and perhaps also LH. platybasilis White, which is very 
imperfectly known, and may be a Zeacrinus. 

We also place here :-— 


1882. Eupachycrinus asperatus Worthen, Bull. i, Ill. St. Mus. Nat. Hist., p. 34; 
also Geol. Rep. Lllinois, vii, p. 311, Pl. 29, fig. 4—Kaskaskia gr. Monroe 
Co., Illinois. 
#1880, E. gracilis (Wetherby), Cromyocrinus gracilis, Journ. Cincin. Soc. Nat. 
Hist., p. 4, Pl. 16, figs. 2a, b, c.—Kaskaskia gr. Pulaski Co., Ky. 
*1847. E, maniformis (Shum.), Zeacrinus maniformis. This species was referred 
by us Rev. i, p. 117, to Seytalocrinus. 
* E. Moorei (Whitfield), Zeacrinus Moorei, Paleont. Ohio, vol. iii, Pl. 11, 
figs. 6, 10.—Coal measures. Hocking Co., 0. (not published). 
1882. E. monroensis (Worthen), Bull. i, Ill. St. Mus. Nat. Hist., p. 34; also Geol, 
Rep. Ill., vii, p. 312, PI. 19, fig. 16—Kaskaskia gr. Monroe Co., Illinois. 
1879. E. spartarius S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (April), Pl. 8, fig. 
2,—Kaskaskia limest. Pulaski Co., Ky. 
Syn. E, germanus 8. A. Miller, ibid., Pl. 8, fig. 3. 
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TRIBRACHIOCRINUS McCoy. 


1847. McCoy, Ann. and Mag. Nat. Hist., xx, p. 228. 
1859. Pictét, Traité de Paléont., vol. iv, p. 321. 
1884. F. Ratte, Proceed. Linnzan Soc. of New South Wales, vol. ix, 
Part 4. 
(Diagram, Pl. 6, fig. 5). 


This genus was originally proposed for a single specimen from 
the Subcarboniferous of Australia. According to McCoy, it 
differs from Cyathocrinus and allied genera by having only three 
arms. The cup is described as cupuliform, large, composed of 
three plates in the proximal ring, 5 plates in the succeeding one, 
followed by 1X3 radials, 3 interradials, and one or two anal 
plates. A similar explanation of the plates has been given lately 
by Mr. Ratte, who described another species in which “ the second 
radials,” the brachials according to our terminology, were pre- 
served. Mr. Ratte had the kindness to send us an excellent cast 
of the type specimen, examination of which leads us to infer that 
the third ring of plates in the calyx was composed of seven 
pieces, of which five were radials, the two others azygous plates, 
but that none of them are interradials. In three of the radials, 
the articulating faces form a straight horizontal line, and only 
these plates are apposed by regular brachials, the two others, 
those of the two antero-lateral rays being angular and higher at 
their distal ends. The general outline of the two last mentioned 
plates, indicates that they are compound plates, each representing 
a radial and a bifurcating brachial, which probably became 
anchylosed. They evidently supported two arms, one at each 
side; while the three radials with articulated brachials apparently 
bear but a single arm like Cromyocrinus simplex Trautchold. 
Ratte observed in T’ribachiocrinus corrugatus along the ventral 
surface between the brachials, “the casts of very small plates, 
irregular in shape, which doubtless belong to the so-called votite 
(vault), or outer part covering the calyx as in Rhodocrinus, for 
instance.” We seriously doubt if these plates, which he figures 
on Pl. 68, fig. 2, are any such thing as vault plates ; we believe if 
they are plates at all, that they formed a part of the disk, and as 
such were covering pieces. The radials enclose the azygous plate 
proper and an anal piece as in most of the Poteriocrinide. 
Tribachiocrinus is not such an aberrant genus, as it was supposed 
to be. It is closely allied to Cromyocrinus and Agassizocrinus, 
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and like them has large basals, comparatively small radials, and 
an unusually large azygous plate, followed by the anal piece and 
*proximal plate of the ventral tube. It differs, however, from 
both genera in the number of underbasals, and the peculiarities 
in the radial regions which have been mentioned. 


Revised Generic Diagnosis.—Dorsal cup globose; composed of 
heavy plates. Underbasals three, comparatively large; two of 
them larger than the other, but not of equal size; the smaller 
piece placed in a vertical line with the anterior radial (PI. 6, fig. 
5). Basals five, extremely large, very irregular in form; the 
posterior one heptagonal and larger than any of the rest ; that to 
the left pentagonal ; the three others hexagonal. The upper side 
in four of the plates is angular, in the other truncate, supporting 
the right postero-lateral radial. 

Radials five ; irregular in form and size, the postero-lateral one 
considerably smaller than the others. The two posterior radials 
as well as the anterior one pentangular, truncate above, and 
they support a short subquadrangular brachial; the two antero- 
lateral ones hexagonal, angular above, supporting on each side an 
arm. The line of articulation between the three former radials 
and their respective brachials is widely gaping, and the mode of 
articulation similar to that of all later Poteriocrinide. The 
brachials, although short, are twice as wide at their union with 
the radials as along their upper ends, which are truncate, moder- 
ately concave, each supporting a single arm. The two other 
radials, which have angular upper faces, are slightly constricted 
along their upper ends so as to indicate an anchylosis of 
brachials and radials. 

Nothing is known of the ventral surface except imperfect 
impressions of small pieces. The azygous plate is unusually 
large, subquadrangular or trapezoidal ; placed obtusely between 
the posterior basal and the right postero-lateral radial; its upper 
angle, which extends almost to the top of the radials, is slightly 
truncated and supports the ventral tube, its left upper side abuts 
against a large subquadrangular anal plate. Column apparently 
small and circular. 


1847. Tribrachiocrinus Clarkei (Type of the genus) McCoy, Ann. and Mag. Nat. 
Hist., Vol. XX, p. 228, Pl. 12, Figs. 2, a.b.c.-Pictet 1857, Traite de Paleont., 
Vol. IV, p. 321.—Carboniferous.—Australia. 

1884. T. corrugatus Ratte, Proceed. Linnean Soc. of New South Wales, Vol. IX, Pt, 
4.—Carboniferous.—Australia. 
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b. Graphiocrinites. 


GRAPHIOCRINUS De Koninck, Rev. i, p. 121. 


Grapiiocrinus has a bilateral symmetry, and is in some . 
respects higher developed than the preceding genera, owing to 
the absence of the azygous piece. It has only an anal plate, and 
this is small and placed between the radials, resting upon the 
truncate upper side of the posterior basal. The ventral sac is 
cylindrical, and in Graphiocrinus rudis composed of longitudinal 
rows of subquadrangular pieces. We have not been able to 
examine the tube in other species, and hence are not aware 
whether the arrangement of these plates is of generic value. The 
species heretofore referred to Graphiocrinus have but a single 
brachial and ten arms; we have, however, in our collection an 
undescribed species with only five arms. 

No additional species have been described. 


BURSACRINUS M. and W., Rev. i, p. 123. 
Syn. Synyphocrinus Trautschold, Bull., 1880. 


In a paper “ Ueber Synyphocrinus,” Trautschold described a 
new species from Moscow, for which he proposes the above 
generic designation. He asserts that it differs from Poleriocrinus 
and allied genera in having “ pentagonal, roof-like second radials, 
and these provided along the ventral side with two thorn-like 
processes, separated by the tentacle furrow;” that the third 
radials had similar processes and re-entering angles, overlying 
and covering the roof of the preceding plate; that the upper 
truncate side supported two bifurcating plates; that the species 
had no pinnules, and that the vault rested upon the thorn-like 
extensions of the third radials. We think Trautschold misunder- 
stood his specimen. From his own figures and descriptions it is 
evident that the calyx, as in other Fistulata, contained a single 
radial, and that all succeeding plates were free, and true arm plates. 
His “second radial” is grooved for the reception of the ‘ tentacle 
furrow,” and, as shown by its form, a regular bifurcating plate, 
his remarkable “third radial” represents the two proximal arm 
plates, placed aside of each other, given off from the plate below. 
That pinnules were present in this species is shown even by the 
figure in which their faces are plainly represented. The processes 
at the inner side have no generic value, they are in connection 
with the articular faces of the plates, and are found, more or less, 
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in all later Poteriocrinide. Prof. Trautschold overlooked the 
only important distinction between his form and Potertocrinus. 
His species has a single anal plate within the dorsal cup, while 
Poteriocrinus has three. However, in this character Synypho- 
erinus resembles Graphiocrinus, and especially the subgenus 
Bursacrinus, which has the same general form, a similar funnel- 
shaped underbasal cup, and also branching arms. 

It is possible that Poteriocrinus meekianus Shum. (Swallow’s 
Geol. Rep. Missouri) is a Bursacrinus, but it may be a Barycri- 
nus. Only the dorsal cup is known. 

Additional species :— 


*1881. Bursacrinus cornutus (Trautschold), Synyphocrinus cornutus, Bull. Mos- 
cow, Ueber Synyphocrinus.—Berg-Kalk. Mjatschkowa, Russia. 


(?) Subgen. PHIALOCRINUS Trautschold, Rev., i, p. 124. 


CERIOCRINUS White (not Koenig). 
(Emend. W. and Sp.). 
1880. White, U.S. Geol. Surv. under Hayden for 1878. Paleont., Nos. 
2-8 (Author’s Ed., p. 12). 
Syn. Hupachycrinus (in part), W. and Sp., 1878; M. and W., 1873. 
Syn. Hriosocrinus (in part), White, 1879. 

Ceriocrinus is very interesting as representing a link between 
the unsymmetrical Hupachycrinus and the symmetrical Hrisocri- 
nus. The three are very similar, and some of the species cannot 
be separated even specifically, unless the azygous side is exposed. 
We were at first inclined to follow Meek and Worthen in placing 
species with one and three anal (azygous) plates under Hupachy- 
crinus, which has three in its typical form, and to separate those 
only which have no azygous plates within the dorsal cup. Our 
way of disposing of this question was contrary to the rules laid 
down by ourselves among other groups, but we took it to be a case 
of rapid and extravagant development, and as such possibly only 
of specific value. A similar view, but in a somewhat different 
direction, was taken by Dr. White, who placed in his Ceriocrinus 
species having an “anal plate ” between the radials (none below), 
together with species in which a similar plate is supported by the 
radials (beyond the limits of the dorsal cup), and he ranked 
Ceriocrinus as a subgenus of HL risocrinus. 


1 Koenig’s genus has not been accepted (see De Loriol, Monogr, des 
Crin, Foss. de la Suisse, 1877, p. 61). 
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We are not satisfied whether the piece resting upon the radials 
(White’s fig., 5a) is equivalent to the one between the radials (his 
fig., 5c), it is at least possible that the former is the anal plate, 
the latter a plate of the tube, or, as it is generally called, the third 
anal plate. We, therefore, cannot agree with White in consider- 
ing the two forms generically identical, and much less specifically. 
If the difference in the two specimens was to be explained by 
individual development, that perhaps the anal piece had been 
resorbed in the adult, the specimens should differ in size, which 
is not the case. Throughout the coal-measures we find both 
forms side by side and of nearly equal size, a certain proof that 
the modification took place in the genus, and not in the individual. 
We must therefore either separate the two forms generically, or 
unite both with Hupachycrinus. 

We stated under Hupachycrinus that we separate from that 
genus all species with a single azygous plate, and these we place 
under Ceriocrinus. Contrary to White, however, we exclude 
those species in which that plate rests upon the radials, which we 
place under Hrisocrinus. Whether Hrisocrinus and Ceriocrinus 
are full genera or only subgenera of Hupachycrinus, or the latter 
two of Hrisocrinus, is a question which we leave open. 

Ceriocrinus occupies the same relative position to Graphio- 
crinus as Zeacrinus to Woodocrinus, and as Hupachycrinus to 
Scytalocrinus, their differences being more of degree than of kind. 

We refer to Ceriocrinus the following species :— 

*1875, C. Craigii (Worthen), Eupachycrinus Craigii, Rev. i, p. 138. 
*1873. C, fayettensis (Worthen), Eupachycrinus fayettensis, Rev. i, p. 138. 
1866. C. inflexus (Geinitz), Cyathocrinus inflexus, Carbon. and Dyas in Nebraska, 
p- 62, Pl. 4, fig. 20; White, 1876, Scaphiocrinus carbonarius (not M. and 
W.). Powell’s Rep. Geol, Uinta Mts., p. 89; White 1880, Ceriocrinus 
inflexus, 12th Ann. Rep. Terr., by Hayden for 1878 (author’s ed., p. 127).— 
Carboniferous. Grand and Green River. Utah and Nebraska. 
*1858. C. hemisphericus (Shum.), Scaphiocrinus (?) hemisphericus, Trans. St. 
Louis Acad. Sci., vol. i, p. 221. Meek 1872, Final Rep. on Nebraska, p. 
147, Pl. 5, Fig. 4, and Pl. 7, fig. 1; also Geol. Rep. Il., iii, p. 561, Pl. 24, fig. 
5.—Carboniferous. This species we took (Rev i, p. 138) to be a synonym 
of Eupachycrinus Craigii, but, if Meek’s identification is correct, it is a 
good species. The plates, which in the latter are strongly spiniferous, are 
in the other but little convex. 
1880. C. planus (White), Erisocrinus planus (Type of the genus), Proc. U. 8. Nat. 
Mus., vol. ii, p. 257, figs. 6-7. White 1880, Erisocrinus (Ceriocrinus) 
planus, 12th Ann. Rep. Terr., by Hayden, for 1878, Author’s copy, p. 127, 
Pl. 35, fig. 5 (not 5a — Erisocrinus White).—Coal measures. Humbold 
River, Ky. 
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ce. Hrisocrinites. 


ERISOCRINUS Rev. i, p. 139. 


Admitting Ceriocrinus, we place under Hrisocrinus all species 
in which no azygous plates are represented at the dorsal side, 
but we also include those in which a plate of the ventral tube 
rests upon the radials. In all probability was the latter piece 
always present in this genus. The structure of the arms is the 
same as in Encrinus and Hupachycrinus. 

The only new species to be added in the list is: 


*1880. Erisocrinus Whitei W. and Sp., Erisocrinus (Ceriocrinus) planus (in part). 
White 12th Ann. Rep. Terr. by Hayden for 1878 (Author’s copy, p. 127, Pl. 
35, Fig, 5a (not 5¢ = Cerioerinus planus). Distinguishing the specimen Fig. 
5e specifically, we propose the above name for the other to avoid confusion. 


STEMMATOCRINUS Trautschold, Rev. i, p. 141. 


In Part I, we separated Stemmatocrinus from Hrisocrinus only 
subgenerically, from the fact that it agrees with that genus in all 
its particulars, except that the underbasals consist of a single 
plate instead of five in the other, which we explained by anchy- 
losis. This explanation was doubted by Carpenter, who in the 
Chall. Rep., p. 152, says: ‘‘ the plate in question appears to me 
much more truly represented by the central pentagonal piece on 
which the basals rest, and it is obviously what Schultze calls 
‘eine funfseitige aus der Erweiterung des obersten Sidulen- 
gliedes gebildete Platte.’” And again: “the analogue of the 
development of the other calyx plates indicates that they (the 
underbasals) are primitively five separate plates like their homo- 
logues in the apical system of Ophiurids and starfishes; and a 
theory which would homologize them with a plate that first 
appears as a simple ring seems to me to run counter all true 
notions of morphology.” We confess that we do not understand 
Carpenter’s argument, for we believe Stemmatocrinus had primi- 
tively five plates, which were united by anchylosis leaving no 
vestige of the sutures. Similar cases of anchylosis among basals 
and underbasals have been observed among other Paleocrinoidea 
and even among Neocrinoidea. In one of the two species of the 
recent genus Rhizocrinus, the basals are distinctly divided, in the 
other united by anchylosis. In Platycrinus it is absolutely impos- 
sible to discover a suture between the basals, the anchylosis 
between the plates is complete, and only in comparatively few 
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species the place of union is still indicated by a depression. Such 
is the case also in Dolatocrinus and Stereocrinus. In Agassizo- 
crinus an anchylosis takes place between the underbasals, all 
suture lines disappear in the older specimens. In Hupachycrinus 
ornatus and Hupachycrinus gemmiformis, which occur in the 
same bed with Stemmatocrinus cernuus, the sutures are fre- 
quently not visible, and the plates apparently constitute a solid 
disk which in form and proportions resembles that of Stemmato- 


Crinus. 
STEMMATOCRINUS TRAUTSCHOLDI! noy. sp. 


(Pl. 9, figs. 7 and 8.) 


Of large size. Dorsal cup subglobose ; plates heavy. Under- 
basals of medium size, anchylosed, forming a solid pentangular 
plate with concave sides, the latter with a somewhat waving 
outline. The plate is slightly convex, except the columnar 
attachment which is rather deeply impressed. There are abso- 
lutely no sutures visible either upon the dorsal aspect or upon 
the inner floor. The centre is perforated by a minute star-shaped 
canal, with rays directed radially. Basals about as long as wide, 
pentagonal in outline, but really hexagonal, the two lower sides 
having together the length of the four others; their upper sides 
convex. 

Radials once and a half to twice as long as wide; concave 
along their basi-radial suture, along their distal side slightly 
excavated. The articular faces are directed upward and occupy 
nearly the full width of the plates. The articulation with the 
brachials is by a transverse ridge with a central canal and shallow 
fosse. Brachials two, both extremely short but deep. They 
are followed by several short, cuneate pieces. The upper part of 
the arms is not known. 

The specimens show traces of interradial plates resting against 
the inner edges of two radials, of which the places of attachment 
are plainly visible (Pl. 9, fig. 8), and detached plates were placed 
aside of them. 

Geological Position, etc.—From the Keokuk limestone near 
Nashville (White’s Creek), Tenn. The original specimens, some 
thirty in number, are in our collection. 


1JIn honor of Prof. Trautschold of Moscow, Russia, the author of the 
genus, who had the kindness to send us a beautiful series of the Mjatsch- 
kowa Crinoids, 
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Famity XXITI.—ENCRINID Z& Pictet. 


J.S. Miller refers the genus Hncrinus, together with Penta- 
crinus, to his Articulata, Poteriocrinus to his Semiarticulata. 
Zittel, and after him De Loriol, to the Articulata of Muller ; 
while they refer the closely allied Poteriocrinus to Muller’s Tes- 
sellata. The mode of articulation is identical in Hnerinus and 
the later Poteriocrinidz, as pointed out in our general remarks 
on the Fistulata, and our notes on the Poteriocrinidz. A sepa- 
ration, therefore, in the sense of either Miller or Muller, cannot 
be carried out practically. A ventral covering was never found 
to be preserved in Hncrinus, and as the same thing happens to 
be a rule among all fossil Neocrinoidea, it was postulated that 
this genus had an open perisome, and as such was a Neocrinoid. 
However, the ventral surface is also unknown among the Poterio- 
crinide, which are universally regarded as Paleeocrinoids. Neither 
is the absence of azygous plates in the dorsal cup exclusively 
found among Neocrinoidea—we need only allude to Codiacrinus, 
Ceriocrinus and Hrisocrinus—nor the presence of two brachials 
(three radials), which was pointed out by Carpenter a good dis- 
tinctive character. The latter isa very common occurrence among 
the Poteriocrinidze, among which we failed even to make ita 
generic distinction. We are willing toadmit that Encrinus con- 
stitutes a transition form toward the Neocrinoidea, it is even 
possible that in the adult the interradials became partly or wholly 
resorbed, but it is otherwise so closely connected with the Poterio- 
crinid that we must regard it a Paleocrinoid or place also the 
Poteriocrinidz among the Neocrinoidea. 

Pictet, and after him Dujardin and Hupé, placed Encrinus 
under the Pycnocrinidées, which they subdivided into Encriniens, 
Apiocriniens and Pentacriniens. This division was accepted by 
De Loriol in his work on the Swiss Crinoids, but in his later 
monograph on the Crinoids of France he followed Zittel, who 
made it the type of a distinct family of the Neocrinoidea. All 
writers preceding us, with the exception of Zittel, described En- 
crinus with 3X5 radials, although the two upper plates are 
laterally free, and morphologically and functionally identical 
with the brachials of the Poteriocrinide. 

We agree with De Loriol and Zittel that Von Meyer’s genus 
Chelocrinus, which is based on species having a second bifurca- 
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tion in the arms, cannot be sustained. His Dadocrinus, however, 
seems to be a good generic form, and will be treated by us.as 
such. We separate from the Encrinidez Picard’s Encrinus Bey- 
richi, which we refer to the Belemnocrinidz. Von Meyer’s genus 
Calathocrinus, which some writers assert to be identical with 
Excrinus, is known only from a single imperfect specimen. 


ENCRINUS (Lamarck), J. S. Miller. 


1816. Lamarck, Descr. des Animaux sans vertebrés (Ed. i), vol. ii, p. 435. 

1821. Miller, A Natural History of the Crinoidea, p. 37. 

1823. Schlotheim, Nachtr. z. Petrefactenkunde, p. 335. 

1826-33. Goldfuss, Petrefacta. Germ., vol. i, p. 177. 

1857. Pictet, Traité de Paléont. (Ed. ii), vol. iv, p. 337. 

1857. Beyrich (in part), Ueber die Crinoid. d. Muschelkalk (Berl. Acad. d. 
Wissenschaften). p 

1876. Quenstedt, Petrefactenk. Deutschlands, vol. iv, p. 455. 

1877. De Loriol, Monogr. Crin. Foss. de la Suisse, p. 7. 

1879. Zittel, Handb. d. Palewontologie, i, p. 383. 

1882. De Loriol, Paleont. Francaise (Ser. I), Crinoidea, p. 6. 

Syn. Entrochus and Trochites Agricola; Chelocrinus and perhaps 

Calathocrinus vy. Meyer, (?) Tetracrinus Cotullo, Flabellocrinus 
Klippstein, and (?) Casstanocrinus Laube. 


Generic Diagnosis.—Dorsal cup regularly pentamerous; short, 
saucer-shaped ; composed of 5 underbasals, 5 basals and 5 radials, 
all equal in size and form; there being no azygous plates. 

Underbasals minute, rhomboidal, forming together a five-rayed 
star; entirely covered by the top stem joint. Basals small, hexa- 
gonal, for the greater part hidden by the column. They rest with 
their lower sides between two underbasals, are laterally united, 
support with their sloping upper sides the radials, and form 
jointly a pentagon with almost straight sides. The radials are 
large, subquadrangular ; their distal sides once and a half as wide 
as their lower or proximal sides; they are thick, heavy, the faces 
toward the basi-radial suture somewhat hollowed out, showing 
shallow fossze, while their lateral faces indicate a syzygial union. 

Brachials two, the first quadrangular, the other pentangular ; 
they are heavy plates with straight lateral faces by which they 
abut against the apposed faces of adjoining plates. The upper 
plate is axillary, supporting two arms, which either remain simple, 
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or of which one or both from the second plate branch again. 
Arms massive, composed of short transverse plates, which in 
their upward arrangement change from quadrangular pieces with 
strictly parallel sides to cuneiform and gradually interlocking 
plates ; some of them, however, possess a fully developed biserial 
arm structure. The union between radials and first brachials, 
and also between the axillaries and proximal arm plates is by 
articulation, the apposed faces having highly developed facets 
with transverse ridges, and a central canal and fosse. The 
two brachials are united by syzygy, as also the two proximal arm 
joints. 

In E£ncrinus, the inner floor of the dorsal cup is grooved by 
five primary canals, which, as they pass outward, bifurcate within 
the basals, and the ten secondary canals thus formed proceed to 
the radials, and thence after dividing again to the arms. These 
grooves which are by no means restricted to Hnerinus or to the 
Neocrinoidea, are, according to P. H. Carpenter (his paper on the 
Oral and Apical system of Echinoderms, Quart. Journ. Microsc. 
Sci. London, 1880, p. 362), passages for the fibrillar cords going 
out from the interradial angles of the chambered organ. , 

Nothing is known of the ventral surface, except in a young 
specimen in which we thought to observe a few plates of a ventral 
tube. The interradial plates, owing to the large size of the artic- 
ular facets, must have been small at any time, and possibly were 
absorbed in the adult. Column composed of circular joints with- 
out cirrhi. : 


Geological Position, etc.—Muschelkalk, Trias. Germany and 
Switzerland. 
We recognize the following species :— 


1847. Encrinus aculeatus v. Meyer, Leonh, Bronn’s Jahrb., p. 576; also Paleontogr. 
i, 1851, p. 262, Pl 32, fig. 1; also Beyrich 1857, Crin. des Muschelk,, p. 38, 
Pl. 1, figs. 16 a, b.—Muschelkalk, Trias, Upper Silurian, Germ. 

1850. E. Brahlii Owerweg, Zeitschr. d. deutsch. geol. Gesellschaft, vol. ii, p. 6; also 
Beyrich, 1857, Crin. des Muschelk., p. 39, Pl. 2.—Muschelkalk, Trias. 
Riidersdorf, Germ. 

1856. E. Carnalli Beyrich (Chelocrinus Carnalli), Zeitsch. d. deutsch. geol. Gesellsch. 
p- 10; also Leonh. Bronn’s Jahrb, (1856), p. 28.—Muschelkalk, Trias. 
Riidersdorf, Germ. 

1877. E. Grephini De Loriol, Crinoides Foss. de la Suisse, p. 12.—Muschelkalk. 
Meyenbiihl, near Basle, Switzerl. 
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1816. E, liliiformis Lamarck, Deser. des Animaux sans vertébres, 1 édit., vol. ii, p. 
435, Schlotheim 1820, Petrefactenk., p. 335.—Agassiz, 1835, Prodr. Mem. 
Soc. Sei. nat. de Neuchatel, vol. i, p, 195.—Dujardin (in Lamarck), 1840, 
Descr. des Animaux sans vertébres, 2me édit., vol. ii, p. 651.—Desor, 1845, 
Notice sur les Crinoides Suisses, p. 3; Bull. Soc. Sci. nat. de Neuchatel, vol. 
i, p. 211.—Pictet, 1857, Traité de Paléont., 2me édit., vol. iv, p. 337, P!. 102, 
fig. 4.—Beyrich, 1857, Ueber die Crin. des Muschelkalkes, p.1, Pl. 1, fig. 1- 
12.—Strombeck, 1856, Ueber Missbildungen von E, liliiformis, Palzonto- 
graphica, vol. iv, p. 168, Pl. 31.—Dujardin et Hupé, 1862, Suites 4 Buffon 
Echinoderms, p. 164.—Ooster, 1865; Syn. des Echin. des Alpes Suisses, p. 
10; Moesch, 1867, der Aargauer Jura, pp. 26, 27-30 (Beitriige z. Geol. Karte 
der Schweiz, 4te Liefer.); Greppin, 1870, Deser. géol. du Jura bernois, p. 13.— 
Moesch, 1874, der siidliche Aargauer Jura, p. 4, Anhang, p. 6.—Quenstedt, 
1876, Petrefactenk. Deutschl., vol. iv, p. 455, Pl. 106, figs. 143-184.—Bronn, 
Klassen des Thierreichs (Actinozoa), vol. ii, Pl. 29, fig. 3.—De Loriol, Crinoid. 
Foss. de la Suisse, 1877, p. 9.—Zittel, Handb. d. Palzont., i, p. 383.— 
Muschelkalk Trias. Germany and Switzerland. 

Syn. Lily encrinite, 1808, Lamarck, Organ. Remains, vol. ii, p. 14, figs. 1-3. 

Syn. Encrinites moniliformis Miller, 1821, A Nat. Hist. of the Crinoidea, p. 
37, Pl. 1, 2,3; also Goldfuss, 1826-33, Petrefacta Germ., vol. i, p. 177, Pl. 54. 

Syn. Pontaemaus entrocha Blainville, 1834, Manual d’Actinologie, p. 257, Pl. 
28, fig. 2, and ibid., p. 657. 

Syn. Encrinus entrocha D’Orbigny, 1839, Monogr. des Crinoid., Pl. 18; also 
D’Orbigny, 1850, Prodrome, vol. i, p. 178. 

1835. Encrinites Schlotheimi Quenstedt, Wiegm. Arch., ii, p. 227, vol. 4, fig. 1; also 
1852, p. 614; also Chelocrinus Schlotheimi H. v. Meyer, 1837, in Leonh. 
Bronn’s Jahrb., p- 316, and Mus. Senkenb., ii, 1837, p. 262, vol. 16, fig. 9; 
also Bronn, Lethzea (Edit. 3), Bd. iii, 1851, p. 48, vol. 13, fig. 3.—H. Beyrich. 
Ueber die Crinoid. des Muschelk., 1857, p. 34, vol. i, fig. 13.—Muschelkalk, 
near Gottingen, Germany. 

Syn. Chelocrinus pentactinus H. v. Meyer, 1837, Leonh. Bronn’s Jahrb., p. 
316; also 1837, Mus. Senkenb., ii, p. 262, vol. 16, fig. i also L. v. Buch, 
1848, in Leonh. Bronn’s Jahrb., p. 690. 

Syn. Encrinus liliiformis, Ueber Missbildungen, Strombeck, 1849, Zeitschr. 
d. deutsch. geol. Gesellsch., i, p. 163; 1855, Paleontogr., iv, p. 177. 

Syn. Encrinus pentactinus, Bronn, 1837, Leonh. Bronn’s Jahrb, p. 30, vol. 2, 
1851; also Lethaea Geogn. (Ed. 3), Bd. iii, p. 47, Pl. 18, fig. 1.—Also 
Geinitz, 1838, Leonh. Bronn’s Jahrb., p. 530. 


DADOCRINUS v. Meyer. 
1847. v. Meyer, Leonh. Bronn’s Jahrb., p. 575. 
1851. v. Meyer, Palzontographica, i, p. 266. 
Syn. Hncrinus (in part), L. v. Buch, Bericht Berl. Acad., 1845, p. 
27; also Beyrich, Ueber Crinoideen des Muschelk., p. 42; also De 
Loriol, 1877, Crin. Foss. de la Suisse, p. 8; also Zittel, Handb. d. 
Palzont., i, p. 383. 


This genus has not been accepted by Beyrich, Zittel, nor De 
Loriol. It was proposed by H. v. Meyer for a species previously 
described by L. v. Buch under the name of Hncrinus gracilis. 
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The latter has a turbinate calyx, underbasals (observed by Bey- 
rich not by H. v. Meyer), an apparently round stem; ten arms 
which are not very closely folded, composed of cuneiform flat 
joints, and pinnules which are alternately arranged. The totally 
different form of the dorsal cup seems to us sufficient to warrant 
the generic separation. L.v. Buch’s typical specimen came from 
Recaoro, Italy, and was supposed by Beyrich to be identical with 
certain fragments which had been discovered in the Trias of 
Upper Silesia, too imperfect, however, for critical comparison. 
From this locality a more perfect specimen was found lately by 
Mr. H. Kunisch, who figured and described it in the Zeit- 
schrift d. deutsch. geol. Gesellsch. Jahrg., 1833, under the title 
“ Ueber den ausgewachsenen Zustand von EHnecrinus gracilis 
Buch.” We cannot altogether agree with Mr. Kunisch in his 
views. The Silesian species is, in our opinion, essentially differ- 
ent from the Italian one, The column is pentagonal in place of 
circular; the arms rounded, angular at the outer face, and the 
pinnules are given off alternately from every second joint, every 
other one being united by syzygy ; contrary to the typical species, 
which has flat arms, cuneiform joints, and of which every joint is 
pinnule-bearing. The distinctions are so obvious that a specific 
separation is necessary, and we propose for the Silurian species 
the name Dadocrinus Kunischi. To explain the diversity in the 
arm-structure by individual growth is at variance with the obser- 
vations made upon recent as well as fossil Crinoids. We agree 
that the arms undergo important modifications in their growth, 
but we do not find cuneate arm joints turning into quadrangular 
ones, though frequently the opposite is the case; nor that single 
joints are undergoing segmentations and are uniting again by 
syzygy. The angles of the column in Dadocrinus Kunischi are 
directed interradially, thus proving theoretically the base to be 
dicyclic, which could not be ascertained from the specimen. 

We propose the following :— 

Revised Generic Diagnosis.—Form of dorsal cup obconical. 
Underbasals small, covered by the column; basals forming an 
elongate hexagonal cup. MRadials comparatively smaller than in 
Encrinus, but yet twice as large as the basals. Brachials in 
number, form and articulation as in Hnerinus. Arms long, uni- 
serial, composed of single or compound joints, the latter united 
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by syzygy; pinnules long, and placed far apart. Column round 
or pentangular, with or without cirrhi. 
1845. Dadocrinus gracilis (L. v. Buch), vy. Meyer, Encrinus gracilis, Bericht d. 
Berl. Acad., p. 27.—Dadocrinus gracilis H. v. Meyer (Type of the genus), 
1847, Leonh. Bronn’s Jahrb., p. 575; also Paleontogr., i, p. 266, PI. 31, fig. 
2 and Pl. 32, figs. 4, 5, 6; Pl. 31, figs. 9,13; Pl. 32, fig. 7.—Enerinus gra- 
cilis Beyrich, Ueber die Crin. d. Muschelk., p. 42, Pl. 1, fig. 15.—Muschel- 
kalk Trias, Recaoro, Italy. 


*1884. D, Kunischi W. and Sp. Described and figured by Mr, Kunisch as Enerinus 


gracilis, Zeitschr. d. Deutsch. geol. Gesellsch., Jahrg., 1883, p. 195, with 
plate.—Muschelkalk. Upper Silesia. 


Famity XXIV.—ASTYLOCRINIDZ: Roemer. 

The Astylocrinide embrace only the genus Agassizocrinus, which 
Pictet referred to the Comatulide, Zittel to the Poteriocrinide. 
Roemer included in this family Marsupites. We place here pro- 
visionally the genus Hdriocrinus, which, however, in all proba- 
bility, forms a family by itself, being sessile in early life, and 
having no underbasals, 

AGASSIZOCRINUS Troost. 

(Pl. 5, fig. 17.) 

1850. Troost, Journ. Am. Ass, Ady. Sci. Camb. Meeting, p 60. 
1851. Owen and Shum., Journ. Acad. Nat. Sci. Phila. (n. ser.), vol. ii. 
1853. Shumard, Marcy’s Rep. Red River Exped., of Louisiana, p. 173. 
1852. Owen and Shum., Geol. Rep. Ia., Wisc. and Minn., p. 597. 
1858. Hall, Geol. Rep. Iowa, vol. i, Pt. ii, p. 684. 
1873. Worthen, Geol. Rep. Illinois, vol. v, p. 556. 


1874. Meek, Amer. Journ. Sci. (Ser. 3), vol. vii, No. 41, p. 484, 
1879. Zittel, Handb. d. Palezontologie, i, p. 361. 


Syn. Astylocrinus, 1854, F. Roemer, Leth. Geogn. (Ausg. 3), p. 229; 
also Dujardin and Hupé, 1862, Hist. natur des Zooph. Echin., p. 159. 


The name Agassizocrinus appears in Troost’s List of the Cri- 
noids of Tennessee, but the genus was not defined until 1853, 
when Shumard, in Marcy’s Report on the Red River Expedition, 
published Troost’s MS. of Agassizocrinus dactyliformis, which he 
accompanied with a short generic description of his own. Asty- 
locrinus was proposed by Roemer as late as 1855, when he described 
under the name Astylocrinus levis, a nearly perfect specimen from 
a plaster cast, sent to him by Shumard’s brother with Troost’s 
name Agassizocrinus dactyliformis attached. There cannot be 
the least doubt as to the priority of Agassizocrinus, but it is 
probable that Roemer’s specimen, which was Troost’s type, is 
specifically distinct from the one figured by Shumard under 
Troost’s name, and hence we recognize Roemer’s specific name. 
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Detached plates of Agassizocrinus are found in great abundance 
throughout the Kaskaskia group, but perfect calices are extremely 
rare. The cause of this is perhaps explained by the mode in 
which the different plates are united with one another. Only the 
underbasals seem to have been united by common suture, and 
these, as a rule, are the only plates which are not found discon- 
nected in the fossil. The apposed faces of the succeeding plates 
are vertically and horizontally provided with rather conspicuous 
ramifying furrows, which enter the surface of the plates (Pl. 5, 
fig. 17). The ramifications vary somewhat, even among corres- 
ponding plates, but those of apposed faces correspond with each 
other, and together form small tunnels, which branch once or 
twice, growing narrower at their outerends. Between basals and 
underbasals there are generally three of these furrows to each 
plate; but they unite to one on entering the underbasal cavity, 
where they seem to communicate with certain pits or openings, 
which have been overlooked by previous writers. 

The underbasals form an almost solid disk, with a shallow, cup- 
shaped inner cavity. The latter contains six deep pits or cham- 
bers, closed at the bottom, a central one surrounded by five others. 
These pits either contained the lower part of the chambered 
organ, or they indicate where the vessels extended down from 
the chambers into the larval stem. It is possible that the axial 
canals which descend from the body cavity were lodged in these 
chambers, together with the vessels of the latter, and this might 
explain the apparent communication of the pits with the radiat- 
ing furrows above mentioned. But it may be possible, also, that 
the furrows lodged groups of ligamentous fibres, by which the 
union of the plates was rendered firmer and closer than it would 
be when only two smooth surfaces were apposed. The plates, 
however, as a general rule, are found to be disconnected, and the 
radials at their lateral faces possess fosse, thus proving there 
existed a certain degree of mobility between the calyx plates 
generally. Similar ramifying furrows were discovered by us in 
the genus Barycrinus between the apposed articular facets of 
radials and brachials, plates which evidently were not united by 
a close suture. 

Agassizocrinus in the earlier stages was attached by a column, 
but led a free life later on, when the scar to which the stem had 
been attached was gradually obliterated, so as to leave no traces 
behind. The secretion of calcareous matter extended over the 
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greater part of the underbasal disk, which became more elongate, 
until at last the suture lines between the plates disappeared en- 
tirely, although in the young Crinoid these are well marked. 
Owing to the very considerable changes of form, which occur in 
the growing animal, it js extremely difficult to identify the species 
of this genus, and we fear that several of those described repre- 
sent merely different stages of the same species. 

Agassizucrinus globosus and A. papillatus Worthen have been 
referred by us to Cromyocrinus; his A. hemisphericus, in which 
the underbasals do not extend beyond the column, is either 
Eupachycrinus or Scytalocrinus, probably the latter. 


Generic Diagnosis.—Form of calyx elongate, composed of mas- 
sive plates, and containing a comparatively small visceral cavity. 

Underbasals extremely large; obconical; almost solid; with a 
very small inner cavity. Young specimens have an articular scar 
for the attachment of a column, pierced by an axial canal; this, 
however, becomes obliterated soon after the Crinoid enters free 
life. The inner cavity lodges the chambered organ, and is pro- 
vided with six deep pits, a central one surrounded by five others, 
which either constitute the chambers of this organ or their lower 
extensions. 

Basals large, three of them hexagonal, two heptagonal, but they 
appear to be pentagonal and hexagonal, owing to the convex form 
of the two lower sides. The heptagonal plates enclose, and partly 
support, the azygous pieces, consisting of the azygous plate proper, 
which has a sloping position and is generally large, a smaller anal 
plate, and the first plate of the ventral tube. The size and form 
of the tube is not known, but it was evidently small, perhaps 
similar to that of Cromyocrinus, with which Agassizocrinus agrees 
in the arrangement of its azygous plates. 

Radials unusually small; wider than high ; the upper face trun- 
cate; they are all pentagonal, four of them of nearly equal size, 
the fifth one considerably smaller and of irregular form. The 
articular facets are on a level with the outer edzes of the plates, 
they are somewhat extended inward, and pierced by a transverse 
axial canal. The articulation between calyx and arms is regu- 
larly bifacial, resembling that between the oval stem-joints of 
Platycrinus. The brachials are single, axillary, and abut later- 
ally against each other. The armsare long, rather stout, rounded, 
and composed of short, cuneate pieces. Pinnules strong. 

The mode of union between the plates of the calyx is variable. 
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The underbasals were united by a common suture, the lines of 
which in the adult Crinoid are completely obliterated. The basals 
possess, among each other, and where they meet the underbasals 
and radials, ramifying furrows along their faces, which, together 
with similar furrows on apposed faces, form tunneled passages, 
probably containing ligament; the lateral faces of the radials, 


however, are excavated for fossa. 
Geological Position, etc.—Restricted, so far as known, to the 


Kaskaskia group of America. 
The following species have been described :— 


1873. Agassizocrinus carbonarius Worthen, Geol. Rep, IIl., v, p. 566, Pl. 24, fig. 4. 
—Coal measures. Shelby Co., Ill. 
1873, A. chesterensis Worthen, Geol. Rep. IIl., v, p. 558, Pl, 21, fig. 9.—Kaskaskia 
gr. Chester, Ill. 
1851. A. conicus Owen and Shum., Journ. Acad. Nat. Sci. Phila. (n. ser.), vol. ii, p. 
93, Pl. xi, fig. 6.—Geol. Rep. Iowa, Wisc., and Minn., p..597, Pl. 5b, fig. 6, 
—Meek and Worthen, 1873, Geol. Rep. Illinois, Pl. 21, fig. 8—Kaskaskia 
limest. Chester, Illinois. 
1858. A. constrictus Hall, Geol. Rep. Iowa, vol. i, p. 687, Pl. 25, fig, 10.—Kaskaskia 
gr. Chester, Illinois. 
1850. A. dactyliformis Troost, Type of the genus. List Crin. Tenn. Cambr. Meet., 
p- 60; Shum. 1853, Marey’s Rep. Red River, p. 173.—Hall 1858, Geol. Rep. 
Towa, vol. i, p. 685, with diagram.—Kaskaskia gr. Chester, Ill., and Crit- 
tenden Co., Ky. 
1858. A gibbosus Hall, Geol. Rep. Towa, vol. i, p. 686, PI. 25, fig. 6. Worthen 1873, 
Geol. Rep. Ill., v, Pl. 21, fig. 11.—Kaskaskia gr. Chester, Ill. 
A. gracilis Troost is a catalogue name. 
*1855. A. levis (Roemer), Astylocrinus levis (Second type of the genus), Leth. 
Geogn. (Ausg. 3), p. 229, Pl. 4, fig. 13.—Kaskaskia gr. 
*1852. A. occidentalis Owen and Shum. (Poteriocrinus occidentalis), Journ. Acad. 
Nat. Sci. Phila. (n. ser.), vol. ii, p. 92, Pl. xi, fig.5; also Geol. Surv. of 
Towa, Wisc. and Minnes., p. 596, PI. v 6, fig. 4.—( Probably a young speci- 
men of A, gibbosus Hall).—Kaskaskia gr. Chester, Llinois. 
A. pentagonus Worthen, Geol. Rep. Lll., v, p. 556, Pl. 21, fig. 10.—Kaskaskia 
gr. Chester, [llinois. 
1852. A. tumidus Owen and Shum., Journ. Acad. Nat. Sci. Phila., vol. ii, p. 90, Pl. 
xi, fig. 3; also 1852, Geol. Surv. of Iowa, Wisc. and Minnes., p. 595, Pl. v 4, 
fig. 3.— Kaskaskia gr. Chester, Illinois. 


(t) EDRIOCRINUS Hall. 


1859. Hall, Pal. Rep. N. York, vol. iii, pp. 199 and 148. 

1852. Hall, 15th Rep. N. York. St Cab. Nat. Hist., p. 115. 

1858. Meek anl Worthen, Geol. Rep. Illinois, vol. iii, p. 119. 

1879. Zittel, Handb. d. Paleontologie, i, p. 350. 

1883. P. H. Carpenter, Ann. and Maz. Nat. Hist. (May, 1883), p. 333. 


Edriocrinus led a life similar to that of Agassizocrinus, being 
attached in its larval state, and free-floating in the adult. It 
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differs from that genus, however, in having no underbasals and no 
stem, being simply attached by the basals. In its sessile state it 
resembles the recent genus Holopus, with which it also agrees in 
having an undivided base. 


Generic Diagnosis, etc.—Sessile in its larval state; free-floating 
in the adult, being attached by the lower end of the basals. 

Basals unusually large, elongate, closely anchylosed so as to 
show no suture lines at the outer face; internally, however, there 
are indications that the base might have been bisected. In the 
young animal the form of the base is irregular and linear, in the 
adult subglobose or deeply bowl-shaped, and the scar by which 
the animal was attached, becomes totally obliterated by heavy 
deposits of caleareous matter. Owing to this deposit the outer 
form of the base differs considerably from the form of the inner 
cavity, which grows gradually narrower toward the bottom, and 
frequently ends in a sharp point. The walls are massive at their 
lower parts, thin at the upper edge, which shows six excavated 
faces for the attachment of five radials and an anal plate. 

Radials comparatively small, quadrangular, articular facet but 
slightly excavated, occupying the full width of the plates; pro- 
vided with a transverse articular ridge. The anal plate is in line 
with, and has the length of the radials, but is narrower; it sup- 
ports a small plate, but beyond that nothing is known of the anal 
apparatus. The structure of the ventral surface has not been 
observed. 

The arms are broad at the base, composed of extremely short 
transverse pieces, of which ten or more occur between the first 
bifurcation. Nothing is known of pinnules, nor of the condition 
of the ventral furrow. 


Geological Position, ete.—Edriocrinus occurs in the Helder- 
berg group of America, in which portions of the basal cup are 
rather abundant. 


1859. Edriocrinus pocilliformis Hall, Pal. Rep. N. York, iii, p. 121, Pl. 5, figs. 8-12 ; 
also 1868, Geol. Rep. Illinois, iii, p. 370, Pl. 7, figs. 5 a, b.—Lower Helder- 
berg gr. Albany, New York and Perry Co., Mo. 

1862. E. pyriformis Hall, 15th Rep. N. Y. St. Cab. Nat. Hist., p. 116, Pl. 1, figs. 28 
and 24.—Upper Helderberg gr. Utica, New York. 

1859. E. sacculus Hall, type of the genus, Pal. Rep. N. York, vol. iii, p. 143, Pl. 
87, figs. 1-22,—Oriskany sandst. Cumberland, Maryland. 
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Famity XXV.—CATILLOCRINIDZ: W. and Sp. 


The group of Crinoids for which we propose the name Catillo- 
crinide consists only of the genera Catillocrinus and Mycocrinus, 
which have been distinctly separated by all previous writers. 
Catillocrinus, which was described by Meek and Worthen as 
closely allied to Symbathocrinus, was referred by Zittel and De 
Loriol to the Pisocrinide, which we regard as a mere subdivision 
of the Symbathocrinide. The form, when we include the arms, 
is similarly cylindrical, the arms rest likewise directly upon the 
first radials, and are composed of a single series of plates. Piso- 
crinus even has irregular radials, which is so characteristic of 
this family, but beyond that the two groups are quite distinct. 
Mycocrinus, according to Schultze, forms a family by itself. He 
took it to be a Crinoid without arms, which, in place of arms, he 
thought had been provided along the ventral surface with numer- 
ous ambulacral grooves. Zittel, and also De Loriol, have placed 
Mycocrinus among the genera which were said to be imperfectly 
known. 

In the Catillocrinide, the calyx is composed of only two series 
of plates, and these are most remarkable for their extremely irreg- 
ular form and distribution. The radials are massive, especially 
at the upper margins, where they are transversely truncated on 
the same plane all round. The radial plates differ in form and 
size. Those of the two antero-lateral rays, as a rule, are much 
larger than the three others, but, while at their upper margin 
they are from three to six times as wide as the others, all are at 
the basi-radial suture about equal in width. The anterior, and 
both postero-lateral rays, rarely possess more than one arm each, 
but in the two antero-lateral ones the arms are always numerous. 
Every arm articulates directly upon the truncate upper margin 
of the radial without the aid of axillary pieces, and remains 
simple from the base up. The arms are in contact all around the 
calyx, and are composed of a single series of very similar pieces. 
They connect with the inner cavity by a peculiar groove, which 
follows the truncate upper face of the radials. This groove con- 
tains the ambulacral canal and food passage, and there is under- 
neath, separated by a solid partition, another groove, which near 
the inner margin penetrates the plate, and takes a distinctly down- 
ward course toward the inner cavity, which throughout this family 
is exceedingly small. . 
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The ventral surface has not been observed, but there is suf- 
ficient evidence to prove that it was similar to that of the other 
Fistulata. 

Catillocrinus has its closest affinities with Calceocrinus. The 
radials of the three anterior rays agree in form and distribution 
so closely with the radials of Calceocrinus, that we thought at 
first that it also possessed but three rays, and that the two irreg- 
ular plates toward the posterior side were anals and not radials. 
This interpretation had to be given up when we found both these 
plates to be arm-bearing. In Calceocrinus the postero-lateral 
rays are entirely absent or transformed into anal plates ; while in 
Catillocrinus those rays are represented in a rudimentary form. 

The Catillocrinidz are meagre in forms and belong to the rarest 
Crinoids. They are restricted, so far as known, to the Devonian 
of Europe and to the Subcarboniferous of America. 


CATILLOCRINUS Troost. 
(Pl. 5, figs. 15, 15a and 16.) 


1850. Troost, List. Crin. Tenn. Proc. Amer, Assoc. Ad. Sci., p. 60. 
1860. Shumard, Trans. Acad. Sci. St. Louis, vol. ii, p. 358. 
1868. Meek and Worthen, Geol. Rep. IIL., vol. iii, p. 465. 
1873. Meek and Worthen, Ibid., vol. v, p. 504. 
1879. Zittel, Handb. d. Palzontologie, vol. i, p. 348. 
1882. De Loriol, Paléontologie Francaise, Crinoids, vol. xi, p. 46. 
Syn. Nematocrinus Meek and Worthen, 1866, Proc. Acad. Nat. Sci. 
Phila., p. 251. 


Troost published the name Catillocrinus in his List of the 
Crinoids of Tennessee, without generic diagnosis. The first de- 
scription was given in 1866, by Shumard, in a foot-note to his 
Catalogue of the Paleozoic Fossils of North America, from 
specimens of Catillocrinus Tennessex. He described the calyx 
as composed of three series of plates: the “ basals ” which were 
said to be covered by the column, and the ‘“ primary” and 
‘** secondary radials.” 

Through the kindness of the late Dr. James Knapp of Louisville 
we have had an opportunity to examine several well preserved 
calices of the above species, and can state positively that it has but 
two series of plates. It seems that Shumard took the proximal 
joint of the column, which is generally attached, for basal plates, 
and the edges of the basal disk proper for “ primary,” the true 
radials for ‘‘ secondary” radials. 
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Of Catillocrinus Wachsmuthi no descriptions were given of the 
plates in the calyx, but the arm structure of the genus was here 
for the first time described. Meek and Worthen, who had not 
seen Shumard’s description of Catillocrinus, and being unac- 
quainted with the arrangement of plates, referred their species at 
first to Symbathocrinus, not, however, to the typical form, but to a 
new subgenus, for which they proposed the name Nematocrinus. 
On a republication of the species, in vol. iii, of the Geological 
Report of Illinois, the above name was abandoned, and the species 
placed under Catillocrinus. 

In Catillocrinus Bradleyi, Meek and Worthen undertook to 
describe also the plates of the calyx, but without applying to 
them their proper terms. They simply designated them as plates 
of a first and of a second series, except a few plates in the second 
series which they introduced as “anals(?).” Of the five plates in 
this series, three are easily recognized as radials, but also the two 
others, although much smaller and very irregular in form, are 
radials, as both are arm-bearing. 

The one toward the right supports at one end an arm, at the 
other an elongate narrow anal plate, which abuts against the sides 
of the proximal arm joints, and has nearly their form, being only 
somewhat larger. Bigsby (Thesaurus Devonico-Carboniferus, p. 
224) places Catillocrinus as a synonym of Calceocrinus. 

We propose the following :— 

Revised Generic Diagnosis.—General form, when the arms are 
folded, elongate-cylindrical. Calyx in form of a shallow basin or 
cup, concave at the bottom, uniformly truncate at the upper 
margin. It is composed of two series of plates; the upper one 
supporting the arms, which are very numerous. Test exceedingly 
thin along the basals, thickening rapidly upwards. 

The basal disk is apparently undivided ; the greater part hidden 
by the column. It is irregularly pentagonal, three of its sides 
being nearly equal, the other two, which are adjoining, equal to 
one-half the larger ones. The side opposite the two smaller sides 
extends considerably beyond the column, while at the other side 
the basal disk is either altogether invisible, or reduced to a very 
narrow band. This want of regularity has been observed in all 
specimens, and seems to be characteristic of the genus. 

Radials five, very irregular in form, those of the antero-lateral 
rays much larger than the rest. The two larger plates, whose 
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upper margins constitute fully three-fourths of the periphery at 
the top of the radials, occupy together less than one-half of the 
circumference of the basal cup. This disproportion is caused by 
the peculiar form of the other radials, which, notwithstanding the 
great spreading of the calyx, diminish in width upwards. The 
anterior radial is much smaller, heart-shaped, with strongly con- 
vex lateral edges, which converge almost to a point at the top of 
the calyx. The basi-radial suture is somewhat concave, and fully 
as wide as that of the larger plates. The two postero-lateral 
radials together are very little larger than the anterior one; that 
toward the right is smaller, very narrow, wider at the bottom 
than at the top, and triangular when the sides are straight; but 
when these are curved, which is more frequently the case, it is 
somewhat lunate. The other radial is quadrangular, fully twice 
as high as wide, and of equal width throughout. 

The articular surface of the radials is provided with conspic- 
uous grooves and intervening ridges, the former with a depres- 
sion near the outer margin of the plate. The grooves along the 
surface take a tortuous or undulating course, and near their inner 
end turn rather abruptly toward the anterior radial. The latter 
plate has generally but one groove, which is deeper than any of 
the others and perfectly straight, but when it has two grooves, as 
is exceptionally the case in Catillocrinus Tennessee, these unite 
before entering the inner cavity. The two larger radials contain 
numerous grooves—the number varying with the species—that 
toward the right, as a rule, has more than the one on the left. The 
former radial has been observed to have in C. Tennesse 27 to 31. 
grooves, in C. Wachsmuthi 16 to 20; the plate toward the right 
in the former species has from 21 to 23, the opposite one 15 
grooves. Thetwo small irregular radials have, so far as observed, 
only one groove each. 

In perfect specimens, the grooves are lined by two rows of 
short, transverse pieces, which partly cover the groove, but leave 
underneath a good-sized passage. The plates rest upon the ridges, 
where they abut against their fellows from adjoining grooves. 
With the exception of the ridges and grooves, the truncated 
upper side of the radials forms a uniform plane, interrupted only 
by a small elevation along the left side of the quadrangular radial. 
This elevation is occupied by a small, elongate anal plate, which 
abuts against the two proximal joints of adjoining arms. The 
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plate is placed on a level with the arm joints, has a like width 
and, therefore, is easily mistaken for an arm plate. 

The anal plate supports a very stout appendage, composed of a 
single row of exceedingly large and heavy plates, longitudinally 
arranged, which, instead of forming into a tube as in the case of 
other Fistulata, are transversely curved like arm joints, leaving 
a rather shallow, semicircular furrow on the inner side. These 
plates are along their back extremely heavy, as thick as the radials 
at their upper margins, but they thin out toward their ends, 
and approaching the furrow become extremely delicate. The 
proportions of the plates are well shown by our figure of Catillo- 
crinus Wachsmuthi (P1. 5, fig. 16), in which five of these plates 
occupy an inch, while in the same space there are seventeen arm 
joints. It must be further mentioned that up to that point the 
plates suffered no diminution in height nor in width, nor is there 
any decrease in the thickness of the wall, which in Catillocrinus 
Wachsmuthi, at the top of the fifth joint, is nearly two thirds of 
the whole width of the appendage. ‘The cross section is semilunu- 
lar except at the base. The stoutness of the plates on the one 
side, and the grooved structure on the other, are perhaps due to 
the great thickness of the radial plates upon which the tube rests ; 
it had to be so necessarily in order to effect a communication with 
the inner cavity of the calyx. The groove was probably covered 
during life by perisomic plates. No traces either of «a vault ora 
disk have been observed. 

The arms rise directly from the truncated summits of the 
radials, without the intervention of axillary plates. There is an 
arm to every groove, and, hence,some of the radials, contrary to 
the rule in other Crinoids, support a large number of arms from 
the same level. The arms are simple, slender, comparatively 
long, scarcely rounded outwardly, of almost uniform size, and 
when closed they appear as if united into a solid wall, The arm 
joints are quadrangular, much longer and somewhat deeper than 
wide, with parallel sutures. Arm furrows deep, triangular. 

The column is circular, composed of thin joints, the upper part 
is very stout but tapers rapidly downward. 

Geological Position, etc.—The genus is apparently restricted to 
the Upper Burlington and Keokuk divisions of the Subcarbonif- 
erous of America. 
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The following species have been described :— 


1868. Catillocrinus Bradleyi, Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 
342; also 1868, Geol. Rep. Illinois, vol. v, p. 504, Pl. 14, figs. 10 a, b.—Keo- 
kuk limest. Crawfordsville, Ind. 

1850. Catillocrinus Tennessee Troost (Type of the genus). List Crin. Tenn., 
Proceed. Amer. Assoc., p. 60.—Shumard, 1868, Trans. Acad. Sci. St. Louis, 
vol. ii, p. 858.—Keokuk limest., Button-mould Knob, near Louisville, Ky. 

1866. Catillocrinus Wachsmuthi, Meek and Worthen. (Symbathocrinus [Nemato- 
crinus] Wachsmuthi.) Proceed. Acad. Nat. Sci. Phila., p. 251. Catillo- 
crinus Wachsmuthi, 1868, Geol. Rep. LL, iii, p. 465, Pl. 18, fig. 5. Upper 
Burlington limest. Burlington, Iowa. 


MYCOCRINUS Schultze. 


1866. Schultze, Monogr. Echin, Eifl. Kalk., p. 222. 
1879. Zittel, Handb. d. Palzontologie, vol. i, p. 380. 


Schultze supposed that Mycocrinus had no arms, but his own 
figures and description indicate the contrary. The radials are 
provided close to the periphery, and in front of the ambulacral 
grooves, with well developed articular facets, pierced by trans- 
verse slits. 

Mycocrinus resembles the last described genus very closely, but 
differs in the bipartite basal disk, the greater symmetry and regu- 
larity in the arrangement of the radials, and in the general form. 
We offer the following :— 


Revised Generic Diagnosis.—Calyx in form of a mushroom, 
constructed of two series of plates, the upper series forming the 
thallus, the lower the stalk. The plates are massive, of very 
irregular form, and without ornamentation. 

Basals two, large, unequal; one of them twice as large as the 
other. They are very heavy and form a distinct, subglobose, 
knob-like body, slightly truncate below for the reception of the 
column. Its upper side rises to form a low five-sided pyramid, 
near the outer margins of which there are twelve narrow slits 
parallel to the edges. Two of the sides have three slits each, the 
three others two each. 

Radials five, resting with their inner edges upon the angular 
margin of the basal disk, each plate facing one of the five sides of 
the pyramid. They spread broadly outward from the edge of 
the basals, and extend far beyond their outer margins. Two 
of the radials are of equal width, much larger than the rest. 
These two are separated from one another at one side by two 
equal, much smaller plates, at the other by a single plate some- 
what larger than the two others. The single plate is more than 
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one-half narrower above than below, owing to an angular exten- 
sion at the lower half of its two lateral faces, which fit closely 
into the adjoining excavated side of the large radials. Similar 
processes arise from the sides of the two smaller plates, but here 
only along the suture toward the larger one, the opposite suture 
being perfectly straight. By means of the lateral extensions, the 
large radials, which at their basi-radial suture have nearly the 
same width as the smaller ones, attain at their upper face three 
times the width of the other plates. 

The articular surface of the radials is truncated, unusually 
thick, and closely resembles that of Catillocrinus. Mycocrinus 
boletus must have had fifteen arms, for there are fifteen rather 
shallow ambulacral grooves, which pass from near the periphery 
of the calyx to the radial centre. There are six upon each of the 
two large radials, and one upon each of the two smaller ones. 
The six grooves upon the two larger radials unite into one, and 
hence there are but five main trunks entering the inner cavity. 
The median part of every groove has a deep linear furrow, which 
takes a somewhat downward course, and penetrates the walls of 
the radials. Close to the periphery, outside of each groove, there 
is a well-marked slit-like axial canal, making fifteen in all, which 
pierce the radials throughout their full length, and enter the upper 
margins of the basals. These canals or tunneled passages are 
evidently axial canals, which entered through the twelve slit-like 
openings at the inner floor of the basals the chambered organ, 
and as such communicated with the arms. 

The body cavity is very small, its width not equaling the thick- 
ness of the radials; its depth being less even than its width, 
Form of the arms, construction of summit and anus unknown. 

The column seems to have been circular, with a small, round 
central canal. The only species is :— 


1866. Mycocrinus boletus Schultze, Monogr. Echin. Eifl. Kalk., p. 222, Pl. 7, fig. 4. 
—Stringocephalenkalk, Devonian.—Nollenbach (Hifel), Germany. 


. 


Famity XXVI.—CALCEOCRINIDZ Meek and W. 
1878. Meek and Worthen, Geol. Rep. Illinois, v, p. 4438. 
1882. De Loriol, Paleont. Frangaise, vi (Crinoides), p. 51. 
Syn. Chirocrinide, Angelin, 1878, Icon. Crin. Suec., p. 22. 
Syn. Cheirocrinida, Zittel, 1879, Handb. d. Paleont., i, p. 357. 


The only known genus of this family has been variously referred 
to Cheirocrinus and Calceocrinus. As early as 1851, Hall, in 
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the Geological Report of New York, vol. ii, p. 352, gave notice of 
a peculiar Crinoid from the Niagara group, of which he had 
obtained what appeared to be a bipartite base or pelvis showing 
a columnar attachment, for which he proposed the name Calceo- 
crinus. In 1860, in the 13th Regents Report of the New York 
State Cabinet of Nat. History, the same author described under 
Chetrocrinus six new species of American Crinoids having a base 
similar to Calceocrinus, and which evidently belonged to that or 
a very closely allied genus. According to Salter (Murchison’s 
Siluria of 1859), the name Chetrocrinus had been used by Austin 
in MS. for a similar form from the Wenlock limestone, but Hich- 
wald had already in 1856 preoccupied the name for a certain type 
of Cystidea. Shumard was the first writer to direct attention to 
the probable identity of Calceocrinus with Hall’s Cheirocrinus, 
and in his Catalogue of the Paleozoic Fossils of North America 
he added the name Calceocrinus in parenthesis to all described 
species of Chetrocrinus. In this he was followed in 1869 by 
Meek and Worthen, and in 1879, Hall himself adopted Calceocri- 
nus, while both Angelin and Zittel have retained Chetrocrinus, 
It seems to us the latter name, according to established rules, 
cannot be upheld for Hall’s type, because it was preoccupied by 
FKichwald for a Cystid, and even if it be true, as asserted by F. 
Schmidt (Acad. Imp. Sci. St. Petersburg, Ser. ii, vol. xi, No. 11), 
that Hichwald’s Cheirocrinus is identical with Glyptocystites, 
which has priority, this would not alter the case. The same view 
was evidently taken by Meek and Worthen, who proposed, in case 
doubt should arise as to its identity with Hall’s type of Calceo- 
crinus, to change the name Cheirocrinus into Eucheirocrinus. 

We would accept the latter name, had not Hall himself, who 
had the best opportunity to compare the type specimens, given 
preference to Calceocrinus. Bigsby, in the Thesauras Devonico- 
Carboniferus, erroneously placed the genus Catillocrinus as a 
synonym under Calceocrinus. 

Calceocrinus was made by Meek and Worthen, in 1873, the type 
of a distinct family, for which they introduced the name “ Calceo- 
crinide.” This was adopted by De Loriol, but Angelin and 
Zittel in their classification apply the name ‘ Cheirocrinide.” 

Calceocrinus differs in external appearances so essentially from 
all other Crinoids, that Hall introduced for its description a spe- 
cial terminology, which was adopted by all succeeding writers. 
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In this special names were given to parts of the calyx, which, as 
we will presently show, are represented in other genera, and hence 
should be designated by the same name, the more since some of 
his appellations conflict seriously with terms long ago established. 

Hall divided the calyx into two parts. The one, which he called 
the “ dorsal side,” comprises the anterior side and not, as should 
be expected from the name, the aboral part; the other, which he 
designated as the “ventral side,” by which are usually under- 
stood the oral or summit portions, represents the posterior 
side. According to Hall, the ‘dorsal side” consists of three— 
perhaps sometimes five—“ basals,” of the ‘‘ upper and lower dor- 
sal plate” or the first and second anterior radials, and of the 
right and left ‘“‘dorso-lateral plate” or lateral radials. He further 
discriminates between ‘ plates of the dorsal arm,” the brachials 
of the anterior ray, and those of the “ dorso-lateral arms,” or arm 
plates of the lateral rays. The “ ventral” side is described as 
being composed of the ‘“‘ ventral arching plate ’’— which actually 
consists of two pieces, and which either are anal plates, or non- 
arm-bearing radials—and succeeding these of a row of plates, 
longitudinally arranged, which were designated as “ plates of the 
ventral side,” but which are plates of an anal tube. There are 
besides summit or vault pieces which, however, were not described 
by Hall. 

The most remarkable feature of this genus is represented by 
the basals, which are located on the posterior side of the calyx. 
They connect with the plates of the anterior side, which is trun- 
cated, toward the basals, not by suture as in the case of other 
Crinoids but by muscles and ligament, thus producing between 
basals and radials a marked articulation. There is a widely gap- 
ing suture along the articular line, which, as Meek and Worthen 
suggested, permitted the basals to be opened out on a line with 
the radials and other parts of the calyx. That the calyx was 
capable of bending at this point is well shown by a unique speci- 
men of Calceocrinus tunicatus Hall, in the possession of Mr. 
James Love of Burlington, in which the main body stands out 
from the column at an angle of sixty degrees; while in most of 
the specimens which we have examined the crinoid hangs down- 
ward, almost parallel with the column. No specimen, however, 
shows the calyx in an erect position. 

There are in this genus but three rays, which vary considerably 


200 PROCEEDINGS OF THE ACADEMY OF [1886. 


in form and size. The two lateral rays are composed of a large 
radial, which is followed by two very small brachials. The an- 
terior ray has two radials, which combined are smaller than the 
single lateral ones. The two are generally separated by the lateral 
radials which join between them, placing one of the plates at the 
upper, the other at the lower end of the calyx. This peculiar 
structure has evidently prevented all former writers from recog- 
nizing those plates as radials. That they are radials, and were 
gradually separated in the course of paleontological times, is 
proved by Hall’s Silurian species Calceocrinus chrysalis and 
Calceocrinus inequalis Billings,! by C. radiculus Ringueberg and 
C. Barrandii Walcott, in all of which the plates are narrowly 
elongate, and united by a short suture. In Calceocrinus goth- — 
landicus of Upper Silurian age, they are separated, but the first 
radial extends almost to the second. In Calceocrinus clarus and 
Calceocrinus Barrisi from the Devonian, the distance that sepa- 
rates them is somewhat greater; while in all Subcarboniferous 
species the two plates stand widely apart. 

Calceocrinus agrees with Catillocrinus in the arrangement 
and form of its plates. In both of them the second ring consists 
of five extremely irregular pieces, but, while in the latter all five 
are arm-bearing, those of Calceocrinus are arm-bearing only in 
the three anterior rays. The two posterior ones are small and sup- 
port a large tube. The corresponding plates in Catillocrinus 
support upon one end of their upper side an arm, upon the other 
a similar tube as Calceocrinus, and in both genera the two antero- 
lateral rays are far stronger developed than any of the others. 
The two forms resemble each other more closely than might be 
expected from Crinoids that differ so widely in their general 
aspect, as shown by changing Catillocrinus from its natural posi- 
tion into that of a Calceocrinus. This may be done theoretically 
by pressing the calyx sideways in such a manner that the basals 
are pushed over to one side, and the three arm-bearing radials to 
the opposite side. The lateral ones, however, owing to their large 
size naturally extend to the basal side, where they join the small 
postero-lateral radials, which, as stated, hold a similar position 


1 It was Mr. Walter R. Billings, of Ottawa, who already in 1883 directed 
our attention to Heterocrinus inequalis as being a Calceocrinus, and he 
informed us also that in this species the two anterior radials were joined by 
sutures. 
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as the anal plates in Calceocrinus, resting like them against the 
basals and supporting a similar anal tube. By thus changing 
the respective parts into a relative position, the affinities whch 
exist between the two genera can be better appreciated. The 
form of the calyx, however, the articulation between the basals 
and radials, and the sloping position of the lateral rays is so 
unique, and strikingly different from Catillocrinus and other 
genera, that Calceocrinus must be referred to a distinct family. 

The slight variations, which naturally occur in the branching 
of the arms, were taken by Hall, and Meek and Worthen, for 
specific distinctions. We fear these differences are too trifling to 
be regarded as such, and we have felt obliged to refer some of 
their species to our list of synonyms. 

Postscriptum.—While our descriptions upon the Calceocrinidz 
were in press, we received a paper from Mr. E. O. Ulrich (extracted 
from the 14th Ann. Rep. Geol. Surv. Minn., p. 104): Remarks 
upon the names Cheirocrinus and Calceocrinus, with descriptions 
of three new generic terms and one new species. The author sub- 
divides the species heretofore known under Calceocrinus into three 
genera: Cremacrinus, Deltacrinus and Halysiocrinus, and applies 
to them the family name “Cremacrinide.” Thereis,in our opinion, 
no valid reason for discontinuing the names Calceocrinus and Calce- 
ocrinide. The genus Calceocrinus was properly defined by Hall 
and others, and several species have: been referred to it by them. 
Moreover, Meek and Worthen’s name Luchetrocrinus would have 
priority, and also Calceocrinidz, as both were proposed in 1873. 

Under Cremacrinus Ulrich placed the species in which the two 
anterior radials (the two central plates of his) are connected ver- 
tically ; under Deltacrinus those in which said plates are sepa- 
rated by the two lateral radials (his two large dorso-lateral 
pieces). This difference, we admit, exists between the Lower 
Silurian and Subcarboniferous species, but in the Upper Silur 
and Devonian the two forms pass gradually into one another, so as 
to make a generic separation impracticable. Ulrich’s statement 
on p. 110, that Cremacrinus has “ three primary radials,” Delta- 
crinus “five,” Halysiocrinus “eleven,” is based altogether upon 
incorrect observation. All these species have but three arm- 
bearing radials—one of them compound—and the plates which 
Ulrich regarded as “eleven primary radials,” are axillary bra- 
chials of ascending orders.—( May, 1886). 

14 
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CALCEOCRINUS Hall (Revised by W. and Sp.). 
1851. Hall, Geol. Rep. N. York, vol. ii, p. 352, Pl. 85, figs. 5, 6. 
1866. Shumard, Trans. Acad. Sci. St. Louis, vol. ii, p. 358. 
1869. Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 73. 
1873. Meek and Worthen, Geol. Rep. Illinois, vol. v, pp. 442 and 502, 
1877. S. A. Miller, Cat. Amer. Palzeoz. Foss‘ls, p. 72. 
1879. Hall, 28th Rep. N. York St. Cab. Nat. Hist. (Ed. ii), p. 146. 
1882. De Loriol, Paleont. Francaise, Tome xi (Crinoides), p. 51. 
1882. Ringueberg, Journ. Cincin. Soc. Nat. Hist., p. 120. 
Syn. Chetrocrinus Hall (not Eichwald, 1856); Hall, 1860, 1°th Rep. 
N. York St. Cab. Nat. Hist., p. 122; Salter, 1859, Murch. Siluria 
(Ed. 3), p. 585 (Catalogue name); Hall, 1862, 15th Rep. N. Y. St. 
Cab. Nat. Hist., p. 166 ; Zittel, 1879, Handb. d. Palzont., i, p. 358. 
Syn. Chirocrinus, Angelin, 1878, Icon. Crin. Suec., p. 22. 
Syn. Pendulocrinus, Austin MS. (Salter, Siluria, p. 535). 
Syn. Hucheirocrinus, Meek and Worthen, Geol. Rep. IIL, v, p. 448. 


In general form the specimens resemble a wilted flower, owing 
to the position of the calyx, which hangs downward along the 
column. The calyx is laterally compressed, especially at the 
juncture of basals and radials, where it is almost linear; while a 
transverse section across the median part of the radials and 
through the centre of the basal disk is decidedly triangular. 
The anterior side forms a flat body, broadly truncate at the lower 
end, constricted in the middle, and composed exclusively of the 
radial plates. The basals, which are placed upon the posterior 
side, are separated from the radials of the opposite side by a 
widely gaping articular line, occupying the lower end of the 
calyx. Along this line, probably, the upper part of the Crinoid 
could be bent upwards and be brought in an erect position. The 
posterior side is composed, in addition to the basals, of two non- 
arm-bearing plates, which face laterally the incurving sides of the 
radials, and support upon their upper side an extremely large 
ventral tube. ; 

The basals jointly form a kind of semicircular disk, of which 
the straight line faces the truncated lower side of the anterior 
radial, and the curved part rests against the infolding lateral 
margins of the lateral radials, and against the two non-arm- 
bearing plates. The basal disk, which is slightly convex, is com- 
posed of three pieces, two of which are equal, the other large and 
of a very different shape. The two former taken together are 
lunate, and enclose within their arched sides the other plate, 
which lies transversely, and occupies almost the entire width of 
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the truncated side of the basal disk. The articular facet for the 
attachment of the column has a lateral position, and is placed 
within the centre of the two equal pieces, without touching at 
any point the third plate. It is large, somewhat excavated, and 
divided vertically by the suture line. 

The radials consist of four plates of very irregular arrangement. 
The two larger ones, those of the lateral rays, occupy more than 
two-thirds of the anterior side of the calyx, and support two small 
transverse brachials, of which the upper one is axillary. Two 
much smaller and very irregular plates, which are generally sepa- 
rated by the large lateral pieces, form the radial of the anterior 
ray. The large lateral radials are bent abruptly along their outer 
sides, so as to occupy considerable space upon the posterior side 
of the calyx. They are hexagonal—rarely pentagonal—angular 
at their upper and lower ends; one of the lower sloping sides 
abuts against the first anterior radial, the other against the basal 
disk. The sloping upper face connects at one side with the second 
anterior radial, the opposite side supports the first brachial plate. 
Of the lateral faces one meets the corresponding side of the 
opposite radial, the other an anal plate. In the anterior ray, the 
first radial is linear, but more frequently triangular, two of its 
sides resting within a re-entering angle formed by the lateral 
radials. The lower edge is generally wider, and constitutes the 
bottom part of the anterior face of the calyx, being on a level 
with the truncated edge of the basals, and united with them by 
muscular articulation. The articulating surface, near the outer 
margin of the component plates, is provided with a deep fossa, 
evidently for the lodgment of elastic ligament. A similar but 
narrower fossa is placed close to the inner margin of the plates, 
separated from the former by a narrow transverse ridge. The 
middle part of this ridge extends somewhat into the large fossa, 
and forms a kind of triangular projection which contains a small 
axial canal. The second anterior radial has nearly the same form 
as the first, but its position is reversed, the truncate side being 
directed upwards, the angle downwards, resting between the 
sloping upper sides of the adjoining basals. In Calceocrinus 
chrysalis, in which the first anterior radial joins the second, both 
plates are exceptionally quadrangular, and, therefore, the first 
lateral radials pentagonal instead of hexagonal. The plates 
above are free. There are two brachials in each lateral ray, a 
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single one in the anterior one. The articular line between the 
lateral radials and brachials is widely gaping, the union between 
the two succeeding plates apparently by syzygy. They are closely 
fitted together in the specimens, and a suture is rarely discern- 
ible. The lower one is short and quadrangular, the upper one 
axillary. The brachial of the anterior ray is generally twice as 
wide as high, and truncate at its upper side. 

It has been stated that in the lateral rays the first brachials 
are placed obliquely against the radials, in consequence of which 
these two rays lean over toward the posterior side. By this 
peculiar structure, the outer sloping faces of the bifurcating 
brachials are brought into a vertical, the inner ones into a hori- 
zontal position. The vertical side supports laterally another 
axillary, the horizontal side vertically a free arm. The former is 
followed again by an axillary on one side, and an arm on the other, 
and so on in the same manner to the last bifurcation, the axillary 
plates all arranged in a nearly horizontal line, the free arms hav- 
ing an upright direction. In species with but few bifurcations 
the position of the brachials is more erect. 

The arms are composed of single joints, which are generally as 
long as wide; rounded exteriorly and provided with a deep tri- 
angular groove at the ventral side; they are comparatively long, 
rather stout at the base, but taper gradually upwards. The 
lateral arms, after their first bifurcation, do not branch again, but 
give off from every third or fourth joint a large arm-like pinnule, 
which extends to the end of the arm. The lower pinnule is less 
than half the size of the arm at the place of attachment ; the one 
or two succeeding ones have nearly the same size as the arms at 
the place of their origin. The pinnule-bearing joints appear to 
be somewhat stouter owing to a thick callosity at their upper end, 
and their line of articulation is directed obliquely. The interme- 
diate joints have parallel sides, which show neither fosse nor 
radiations, and probably were united simply by suture. The 
anterior ray has but a single arm, which is given off in an upright 
direction. It is stouter than the lateral arms, and remains fre- 
quently simple throughout, but when it branches occasionally, 
the division takes place near the distal end. 

Anal plates two, resting against the basals and the incurved 
wings of the lateral radials. Their upper side supports a row of 
very large and heavy quadrangular plates, which are longitudi- 
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nally arranged and form the exterior side of an enormous anal 
tube, extending to the tips of the arms and perhaps beyond their 
limits, with scarcely any diminutionin size. Like in Calillocrinus, 
only the posterior side of the tube is heavily plated, the anterior 
side being composed of very small and delicate plates. 

The column is comparatively large, near the calyx composed 
alternately of shorter and longer segments, which soon turn alto- 
gether into long joints. Hall gives the column as very short; it 
was, however, of considerable length in some cases, as we have 
followed it up to a foot or more without reaching the root. 


Geological Position, etec.-—Calceocrinus makes its appearance in 
the Lower Silurian, but only in America. It struggled through 
the Devonian, and reached its greatest distribution in the earlier 
periods of the Subcarboniferous, but without flourishing abun- 
dantly. Throughout this long period of time, the species change 
but little, less than those of any other genus, and it is exceedingly 
difficult to point out specific differences, which in most of them 
are so slight that they hardly deserve the name. In Europe it 
has been found only in the Upper Silurian. 

We recognize only the following species :-— 


1883. Calceocrinus Barrandii Walcott, 35th Rep. N. Y. St. Mus. Nat. Hist. (Author’s 
Edit., p. 6), Pl. 17, figs. 1, 2.—Upper part of Trenton limest. Trenton Falls, 
New York. 

1865. C. Barrisi Worthen, Geol. Rep. Illinois, iv, p. 510, with woodeut.—Hamilton 
group. Near Davenport, Iowa. 

1869. C. Bradleyi Meek and Worthen, Proceed. Acad. Nat. Sci. Phila., p. 73; also 
1873, Geol. Rep. IIll., vol. v, p. 502, Pl. 14, fig 9.—Keokuk limestone. 
Crawfordsville, Indiana. 

1860. C, chrysalis Hall (Cheirocrinus chrysalis). Type of the genus.—13th Rep, New 
York State Cab. Nat. Hist., p. 123, with diagrams. Shumard, 1866, Calceo- 
crinus chrysalis, Trans. Acad. Sci. St. Louis, vol. ii, p. 358.—Niagara 
group. State of New York. 

1862. C. clarus Hall (Cheirocrinus clarus), 15th Rep. New York State Cab. Nat. 
Hist., p. 116, Pl. 1, fig. 17.—Shumard, 1866, Calceocrinus clarus, Trans. 
Acad. Sci. St. Louis, vol. ii, p. 358.—Zittel, 1879, Handb. der Palexont., i, p. 
358, figs. 2, 4,5 a.—Hamilton group. Ontario Co., N. Y. 

1878. C. gotlandicus Angelin (Chirocrinus gotlandicus), Iconogr. Crin. Suee., p. 
22, Pl. 16, figs. 6-14.—Zittel, 1879, Handb. der Paleont., i, p. 358, figs. 245, 
b, ec, d.—Upper Silurian. Gothland, Sweden. 

1859. C. inaequalis Billings (Heterocrinus inaequalis), Geol. Surv. Canada, De- 
cade iv, p. 51, Pl. 4, fig. 7; Wachs. and Spr. Revision i, p. 70.—Trenton 
limestone, Ottawa. 

1866. C. perplexus Shumard, Trans. Nat. Sci. St. Louis, vol. ii, p. 358,—Keokuk 
limest. Button-mould-Knob, Ky. 
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1882, C. radiculus Ringueberg Journ. Cincin. Soc. Nat. Hist., vol. v, p, 120, Pl. 5, 
fig. 4. Niagara group. Lockport, N. Y. 
1862. C. stigmatus Hall (Cheirocrinus stigmatus), Trans. Alb, Inst., vol. iv, p. 225 
(Abstr. p. 31).—Shumard, 1866, Caleeocrinus stigmatus, Trans. Acad. Sci. 
St. Louis, vol. ii, p. 358; also Hall, 1879, 28th Rep. N. York St. Cab. Nat. 
Hist., p. 147, Pl. 19, figs. 9-11; also 11th Ann. Rep. St. Indiana by Collett, 
1881, p. 281, Pl. 19, figs. 9-11.—Niagara group. Waldron, Indiana. 
1860. C. tunicatus Hall (Cheirocrinus tunicatus), 13th Rep. N. York St. Cab. Nat, 
Hist., p. 124, with diagram.—Shumard, 1866, Trans. Acad. Sci. St. Louis. 
vol. ii, p. 359.—Keokuk limestone. Keokuk, Iowa, Niota and Warsaw, IIl. 
1860, C. ventricosus Hall (Cheirocrinus ventricosus), 13th Rep. N. Y. St. Cab. Nat. 
Hist., p. 123.—Shumard, 1866, Trans. Acad. Sci. St. Louis, vol. ii, p. 359.— 
Burlington limest. Burlington, Iowa. 
Syn. Cheirocr. dactylus Hall, 1860, 13th Rep. N. York St. Cab. Nat. Hist., p. 
123.—Burlington limestone. ‘ 
Syn. Cheirocr. nodosus Hall, 1860, Ibid.—Keokuk limestone. 
Syn. Cheirocr. Wachsmuthi Meek and Worthen, 1869, Proc. Acad. Nat. Sci. 
Phila.—Burlington limestone. 
Sgn. Calceocr. dactylus Shumard, 1866, Trans. Acad. Sci. St. Louis, vol. ii, p. 
358. 
Syn. Calceocr. Wachsmuthi, Ibid. 


APPENDIX. 
(January, 1886). 


STEPHANOCRINIDZE W. and Spr. 


Through the kindness of Prof. R. P. Whitfield, to whom we are 
under lasting obligations, we had lately an opportunity to examine 
from the collection of the American Museum of Natural History 
of New York City, some valuable and unique specimens of the 
genus Stephanocrinus. Among these were 25 specimens of Ste- 
phanocrinus angulatus Conrad, two of them showing the brachial 
appendages—the so-called pinnules—and 18 specimens of Stephan- 
ocrinus gemmiformis Hall. 

Stephanocrinus is one of those genera which prove to us how 
inappropriate it is to make Crinoids, Cystids and Blastoids 
distinct classes. The genus has been regarded by F. Roemer, 
Johannes Miiller and Pictét to be a Cystid, by Messrs. Etheridge 
and Carpenter and S. A. Miller a Blastoid. Dujardin and Hupé 
—and apparently (?) Hall—refer it to the Crinoids; while Prof. 
Zittel was in doubt whether he should place it with the Blastoids 
or not. That it has certain affinities with either one of the three 
groups cannot be denied. It agrees by its oral and anal pyramid 
with certain forms of the Cystids, while in its general habitus 
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and in the position of the ambulacra it agrees with the Blastoids; 
and yet it is, as we shall prove, unquestionably a Paleeocrinoid. 

It seems Roemer! had discovered sockets for the reception 
of brachial appendages, and probably these sockets and the val- 
vular covering of mouth and anus induced him to place the 
genus with the Cystidea. Johannes Miller, who also regarded it 
a Cystid, makes the remark: “ Nierenférmige Warzen am Ende 
der Strahlen des sternférmigen Feldes deuten auf die Gegenwart 
von Armen hin.” MHall,in vol. ii, p. 351, of the New York Report, 
does not describe the appendages which he had discovered as 
Blastoid pinnules, but speaks of tentacula attached to the margin 
along a slight groove in the base of the depressions between the 
angular processes which ornament the summit of the body. 
These tentacula or fingers consist of ten branches, each composed 
of a double series of plates above, but uniting below a series of 
coalescing pilates which havea different arrangement. It seems 
to us this description does not apply to ambulacral appendages, 
nor do we think that Hall took the genus to be a Blastoid. On 
p- 212 of the New York Report he called it a Crinoid, and in 
1879 he placed it aside of well-known Paleocrinoidea. Pictét 
describes the base as composed of “ five subradials,” and “ five 
basals,” and the mouth as surrounded by “ten tentacles.” Du- 
jardin and Hupé place it among the Haplocrinide, between Haplo- 
crinus and Coccocrinus, and also these writers describe within 
the radial groove a reniform impression for the reception of an 
arm, but thought to observe “lames paralleles” along the grooves. 
They regard, like Roemer, the central pyramid, the mouth, and 
the lateral aperture an ovarian opening. 

Considering that Hall, Roemer, Muller, and Dujardin and Hupé, 
all describe at the outer end of the ambulacral groove a reniform 
scar for the attachment of an appendage, it is somewhat surprising 
that Etheridge and Carpenter place the genus among the Blas- 
toids. They undertake to explain this by Hall’s discovery of 
‘‘ambulacral appendages . .. . like those of other Blastoids,” 
and give it as their opinion that the reniform scar of Roemer ‘is 
nothing more than an infolded radial lip.” We stated already 
that we thought Hall never regarded Stephanocrinus a Blastoid, 


1 We do not possess Roemer’s description of Stephanocrinus which 
appeared in Wiegmann’s Archiv for 1850, and know it only from the quota- 
tions of subsequent writers. 
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and he certainly did not describe ambulacral appendages, but 
branching fingers, no matter what name he gave to the parts. 
We are confident that the depression at the end of the ambula- 
cral groove really does exist, and that it is occupied by a second 
radial. 

Stephanocrinus not only has two radials to each ray, but 
branching biserial arms, given off in a somewhat similar manner 
as the arms in the Platycrinidz. The second radials are reni- 
form, small, bifurcating, and rest within a semi-ovoid or horse- 
shoe-shaped depression near the outer end of the ambulacral 
groove. They are succeeded by two or more axillaries of a 
higher order, which in the usual way give origin to ten arms to 
each ray. That these appendages, although they are equally thin 
and short, are not pinnules, is proved by the fact that all are 
supported by a radial plate, instead of being distributed sepa- 
rately along the sides of an ambulacrum. It is further shown by 
one of the New York specimens, in which in one of the rays the 
appendages became disconnected, and were deposited en masse 
at some little distance from the radials, without the least disturb- 
ance in their arrangement, a case which could not have happened 
if they were ambulacral pinnules. 

The ambulacra of Stephanocrinus are constructed very differ- 
ently from those of the Blastoids; they possess no side-pieces, 
no transverse furrows, no hydrospire pores, and no sockets for 
the reception of pinnules; they simply are covered by two rows 
of Saumplattchen, which enclose a tubular canal containing the 
food groove. The Saumplattchen or covering pieces of the same 
row are so closely anchylosed to one another, longitudinally, that 
it appears even under an ordinary magnifier, and in the most per- 
fect specimens, as if there were but two elongate plates, one at each 
side. As such they were represented by Hall in his diagramatie 
figure, New York Geol. Rep., vol. ii, PJ. 48, fig. 17, in which the 
reniform plates at the outer end of the elongate pieces represent 
the second radials. The figure shows excellently the plates of 
the ventral side as they generally appear in the specimens; there 
is omitted, however, a suture along the so-called coronal processes, 
which Hall, as well as Roemer, thought he observed, but which 
were not accurately defined until 1883, by Etheridge and Carpenter 
(Ann. and Mag. Nat Hist., April, p. 239). They found the pro- 
cesses “ divided into an outer part formed by the contiguous limbs 
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of two adjacent radials, and an inner portion or deltoid,’ and 
that the calyx consists of three rows of plates—the basals, radials 
and deltoids. The canals which contain the food grooves are in 
their usnal preservation, more or less compressed, and in conse- 
quence thereof the two series of covering pieces became separated 
longitudinally, and appear in the specimens as if forming a deep 
groove upon the surface following the median line. Little of this 
groove, however, is seen in plump specimens. 

Etheridge and Carpenter, and also Zittel, regard the two rows 
of anchylosed covering plates as constituting a single piece, and 
this, they think, represents the lancet plate of the Blastoids. 
Upon this point they make on p. 240 of their paper the. following 
statement: “‘ The paired linear plates in the ambulacra we believe 
to be single, and to represent the lancet plates of other Blastoids. 
They seem to be usually much eroded and to have a strongly 
marked median groove, which has been taken forasuture. Even 
when these plates are preserved the side plates of the ambulacra 
are generally missing; but since Hall has discovered specimens 
of S. angulatus still attaining ambulacral appendages like those 
of other Blastoids, we see no reason to doubt the existence of 
side plates and outer side plates. In fact, the former have been 
described in S. pulchellus by Miller and Dyer.’ We doubt if 
Etheridge and Carpenter ever saw a Stephanocrinus with either 
side pieces or outer side pieces, or ever will see one, and if Miller 
and Dyer found such plates in their St. pulchellus, we assert that 
their species is not a Stephanocrinus. Aside from the fact that 
the ‘so-called lancet pieces ” are compound structures, we think 
it utterly impossible from the position which these plates occupy 
toward the oral plates, that they could represent lancet pieces, as 
in that case the food grooves would have to run out into the air 
in place of entering the interior. 

In both of the New York species, the oral plates are on the 
same level with the covering pieces; they meet with each other so 
as to leave externally, when both plates are in position, no open- 
ing or passage. The only communication with the inner cavity, 


1 We have substituted here deltotds for ‘‘orals,’’ the latter term being 
used by Etheridge and Carpenter in their paper. When they wrote this 
they still regarded the deltoids as representing the orals, a mistake which 
Dr. P, H. Carpenter explained and corrected in his Challenger Report, 
p. 162. 
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in connection with the ambulacra, is beneath the covering plates 
through the canals or tunnels which we have described. These 
passages, which are closed at the bottom by the deflected lateral 
edges of two adjoining interradials, as in the case of Cyathocrinus, 
grow deeper and narrower on approaching the oral plates ; while 
toward the arms they widen and divide, transmitting a branch to 
each main division of the rays. All this goes to prove that the 
passages are tubular canals, such as we find in the Palxocrinoi- 
dea, and that the apparent resemblance between the ambulacra of 
Stephanocrinus and those of the Blastoids, to a large extent, is 
superficial. 

The oral pyramid, which is rather symmetrical in outline, 
occupies the very centre of the ventral surface. It is composed 
of five pieces of nearly equal size, which meet in the centre, and 
are so closely connected by suture that the lines of union are 
rarely seen in the specimens. A less close union seems to have 
existed toward the interradials, for the oral plates are but seldom 
preserved, when we find in their place a nearly circular opening. 

The radials extend to the full height of the coronal processes, 
and resemble in their form closely the forked plates of certain 
Blastoids; while in Hall’s figure (N. York Rep., vol. ii, Pl. 48, 
figs. 1h and 2f) they appear like the radials of a Platycrinus. 
Hall evidently mistook the cracks which so frequently are found 
at the base of the interradial processes, for sutures, and supposed 
the united limbs of two contiguous radials, formed a deltoid- 
shaped interradial plate. 

The most interesting feature of Stephanocrinus unquestionably 
is the quinque-partite oral pyramid, which, we think, gives us 
valuable information regarding the undivided oral plate in other 
groups of the Paleocrinoidea. It was suggested by us on p. 55, 
that probably the central or oral plate of the Paleocrinoidea 
primitively consisted of five pieces, of which the suture lines 
gradually were obliterated by deposition of new material. In 
support of this theory we could only refer to the parallel cases of 
the basals and underbasals among which similar modifications took 
place not only paleontologically by anchylosis of one or more of 
the plates, but also in the growing Crinoid by deposition of lime- 
stone at the outer surface of the plates, as in the case of Hdrio- 
erinus and Agassizocrinus. We were unable at that time to point 


1886. ] NATURAL SCIENCES OF PHILADELPHIA. 911 


out a single Palzocrinoid in which the peristomial area was 
closed by five plates, and therefore regard the case of Stephano- 
erinus of the utmost importance, not only as confirming our 
suggestions, but as throwing light upon the orals of the Palzo- 
crinoidea generally. Before, however, we discuss this question 
any further, it will be necessary to point out the relations of 
Stephanocrinus with other Crinoids. 

Stephanocrinus, undoubtedly, is closely allied to Allagecrinus, 
Haplocrinus and Pisocrinus, and must be placed with them among 
the Larviformia, but, owing to marked differences in the form and 
arrangement of the arms, it cannot be arranged either with the 
Haplocrinide or Symbathocrinidee, and it will be necessary to 
establish for it a separate family. Except in the arm structure, 
the affinities seem to be particularly close with Pisocrinus, which 
has similar interradial processes, formed likewise by the extended 
limbs of the radials ; but as we know little or nothing of the oral 
plates and ambulacral structure in this genus, a critical comparison 
is difficult. It differs also from Haplocrinus in the position of the 
disk-ambulacra, which in the latter are subtegminal, in the other 
exposed to view. This, we explain by individual growth, and 
assert from paleontological evidence that Stephanocrinus, like 
Cyathocrinus and other Paleeocrinoidea in its younger state passed 
through stages in which it closely resembled Allagecrinus and 
Haplocrinus. Admitting this, it will be interesting, and in- 
structive, to transform theoretically the lower differentiated 
Haplocrinus, so as to conform with the conditions of the adult 
Stephanocrinus. To this end we open out the five ventral plates 
of Haplocrinus, so as to expose their ambulacral skeleton, and 
push the ambulacra and the oral plate, which latter occupies the 
central portions of this skeleton, in an outward direction, in such 
a manner that the covering pieces fill up the clefts between the 
interradial plates, and the oral plate the centre, increasing in size 
as the space gradually grows larger. Nothing further is neces- 
sary to complete the structure of Stephanocrinus but to extend 
the sides of the interradials laterally, so as to close the ambu- 
lacral groove from beneath. By these manipulations, in which, we 
think, we closely imitated the natural development as it took 
place among Paleocrinoids palzontologically, we placed the two 
genera in the same relative position, in hopes to arrive thereby at 
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a satisfactory conclusion as to the morphological resemblance of 
the respective plates. 

In Slephanocrinus interradials have been admitted, and the 
plates which do represent them correspond in our hypothetical 
Crinoid with the plates which we opened out to receive the ambu- 
lacra. The plates have relatively a similar position, both rest 
against the upper edges of two adjoining radials, and both support 
a small pyramid or disk, which in both cases not only occupies a 
strictly central position, but covers the peristomial area and closes 
the oral pole. Now,if this is true, what makes those plates inter- 
radials only in the one case and not also in the other, and why does 
the central disk which they enclose represent the oral pyramid in 
the one and something else in the other? That the central pyra- 
mid is quinque-partite in Slephanocrinus, coalesced in the other, 
is apparently the only structural difference between the two forms, 
and simply upon this ground the former has been regarded by 
Carpenter (Chall. Rep., pp. 269 to 271) an oral pyramid, and the 
central plate of Haplocrinus a so-called “ orocentral,” something 
totally unknown in Crinoid morphology and that of Echinoderms 
generally. 

According to Carpenter the orals of Haplocrinus were repre- 
sented by the five large ventral plates, although these, like the 
interradials of other Paleocrinoids, apparently cover the disk and 
tentacular vestibule, contrary to the case of the orals and summit 
plates generally which close only the peristomial area. If Haplo- 
crinus did represent a permanent larval form of the Neocrinoidea 
instead of the Paleocrinoidea, Carpenter would be justified in re- 
garding those five plates as orals,and could assert that the plates 
were in the growing animal, and in paleontological times carried 
inward by perisome, as he and Etheridge suggested to have been 
probably the case in the growing Allagecrinus, but we cannot tind 
in the phylogeny of the older Crinoids the least evidence to justify 
that supposition. On the contrary, everything points at the con- 
clusion that the orals, and other summit plates, had relatively the 
same proportions in the younger and lower forms, as in the adult 
and higher types; and we, therefore, regard the respective plates 
in Haplocrinus like those of Stephanocrinus, Cyathocrinus and the 
Blastoidea, which Carpenter, likewise, once regarded as orals, as 
true interradial plates. If the plates in Haplocrinus really were 
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orals, and also the homologues of the six or more proximals of the 
Platycrinide and Actinocrinidz, and of the five summit plates in 
Stephanocrinus, which all cover the peristomial area but not also 
the tentacular vestibule and the disk, it would follow that in the 
three latter the orals were carried inward by the calyx interradials 
by which they are surrounded, but not only, as perhaps might be 
the case in the Camarata, by their higher orders or upward growth, 
but even by the primary interradials. It would further suggest 
that in the earliest genera Meleocrinus, Glyptocrinus and allied 
forms, which have no proximals, the ‘“* orals ” were unrepresented 
or resorbed. Also Nanocrinus paradoxus (Kchin. Eifl. Kalk., 
Pl. 12, fig. 77) has no proximals, the covering pieces, according 
to our interpretation, rest directly against the central plate. 
This, we know, is the case in two undescribed species of Yalaro- 
ertinus, which we discovered lately in Kentucky. In these species 
the central piece is relatively larger than the combined orals of 
Slephanocrinus, there are no proximals, and no other interradial 
plates touching the central plate. The covering pieces occupy 
here a similar position to the central plate—the coalesced orals— 
as in Slephanocrinus to the quinque-partite oral pyramid. There 
we have actual specimens, which in all essential points conform 
with the hypothetical Crinoid which we constructed. 

From Carpenter’s arguments (Chall. Rep., pp. 268-271) we 
conclude that he regards the hypothetical ‘“ orocentral ” a kind 
of keystone, by which the actinal system is closed in a similar 
manner as at the opposite pole the dorsocentral is said to close 
the abactinal side. Unfortunately, however, this theory as stated, 
is not sustained by embryology. No such plate has ever been 
discovered among living Crinoids, not even in their larval state, 
before the opening of the tentacular vestibule, which is said 
to represent the condition of Haplocrinus morphologically. 
This difficulty Carpenter undertook to explain on p. 270 by stating, 
that if such a plate appeared “it would only be in the way, and 
have to undergo resorption to a greater or less extent.’? A weak 
argument considering that orals of recent Crinoids actually 
undergo that resorption. But, admitting it, what then became of 
the orocentral of Stephanocrinus, Allagecrinus and Coccocrinus, 
and what of the central piece in the oral pyramid of certain Cys- 
tidea? He states further “the former (basals) are within the 
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ring of radials, and next to the dorsocentral ; and it seems there- 
fore only natural to regard the six proximal interradial plates 
surrounding the central piece (oro-central) in the vault of a Palzo- 
crinoid as representing oral plates.” This argument is not quite 
correct, in so faras the central piece is frequently surrounded not 
only by the proximals—his orals—but also by the radials and 
anal plate (see Pl. 7); contrary to the basals, which form a ring 
by themselves. Besides, his argument is based to a large extent, 
if not altogether, upon the hypothetical plate which he calls 
“ oro-central.” 

Taking everything in consideration, is it not reasonable and 
more natural to regard the five orals of the Neocrinoidea, which 
in the larva are loosely folded together, and which in some of the 
Cystidea and also in Stephanocrinus were united by a close suture, 
as gradually becoming anchylosed in a group in which they were 
permanently closed, than ‘it is to invoke the existence of a new ele- 
ment unknown in Echinoderm morphology, and even then have to 
assert that six plates take the place of five?! But not only that, 
we also have to admit that these so-called “orals”’ contain in their 
midst anal and radial plates contrary to the case of the orals of 
the Neocrinoidea, Stephanocrinus and the Cystidea, and contrary 
to the basals, the abactinal representatives of the orals as Car- 
penter admits. 

As a further proof that the central piece is the representative 
of the orals, we refer to the Cystid genus Caryocrinus, which 
has three in place of five groups of arms, and which, according 
to our interpretation, has no proximals. The central piece which 
occupies the centre of figure, and which we think represents the 
oral pyramid, is surrounded by eight plates, by jive (not four) 
large ones, and three smaller ones, the latter conforming jointly 
to one of the other five. Three of the plates have a strictly 
radial position, the three others, including the compound one 
which takes the azygous side, are interradial. We doubt if 
Carpenter will regard these six plates, wholly or partly, as the 
representatives of our proximals—his orals—or his theory will 
have to undergo further modifications, as he will find it difficult 
to restore five primitive pieces from an assemblage of plates as 
here exhibited. 
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STEPHANOCRINUS Conrad. 


1842. Conrad, Journ. Acad. Nat. Sci. Phila., vol. 8, p. 278. 

1851. Hall, Paleont. N. York, vol. ii, pp. 212 and 351. 

1851. F. Roemer, Wiegmann’s Archiv f. Naturgesch. Jahrg. xvi, vol. i, 
pp. 365-375. 

1853. Joh. Miiller, Verh. d. Berl. Acad. d. Wissensch., p. 211. 

1855. Leth. Geogn. (Ausg. 3), p. 266. 

1857. Pictét, Traité de Paléont., vol. iv, p. 304. 

1862. Dujardin and Hupé, Hist. Natur. des Zooph., p. 266. 

1879. Hall, 28th Rep. N. York St. Cab. Nat. Hist., p. 146. 

1881. Hall, 11th Ann. Rep. of Indiana, p. 279. 

1879. Zittel, Handb. d. Palzont. i, p. 436. 

1883. Carpenter, Ann. and Mag. Nat. Hist, Apr., p. 237. 


Stephanocrinus resembles in many respects certain forms of the 
Blastoidea, but has true brachial appendages. The calyx is sub- 
pyramidal, or deeply cup-shaped, with five spiniform interradial 
processes. 

The basals form a large semicircular or subturbinate cup, more 
or less truncate at the bottom, with a trigonal distal face, which is 
slightly excavated for the reception of a column. They consist 
of three pieces, almost coequal as to size but not as to form, one 
of them being quadrangular, the two others pentangular. The 
quadrangular piece takes the position of the smaller basal in the 
Blastoidea, to the right of the anterior radial; contrary to other 
Palzocrinoidea in which it occupies the left side. In one speci- 
men, however, exceptionally, it is placed posteriorly, supporting 
the greater half of two postero-lateral radials. 

The first radials are large and resemble to a large extent the 
forked plates of certain species of Codaster and Phenoschisma, 
in which the limbs—the prongs of the fork—of two contiguous 
radials extend up between the arms in an almost vertical direc- 
tion, but instead of forming, as there, a sort of pyramid, they 
are extended in Stephanocrinus frequently into long thornlike 
processes, which sometimes attain more than one-half the height 
of the calyx up to the arm bases. ‘These processes form radially 
a deep gutter, containing the ambulacral groove which leads to 
the arms. 

The second radials rest within a horseshoe-like depression near 
the outer end of the gutter. The plates are reniform, small, short, 
axillary, with three conspicuous prong-like projections extending 
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inward. The outer ones of these projections are wing-like, rest- 
ing against, and partly upon, the interradials; the inner one 
sword-shaped, their sharp point extended deeply into the ambu- 
lacral groove, so as to divide it, and to form a branch groove for 
each main division of the rays. Stephanocrinus angulatus evi- 
dently had ten arms to the ray, but the mode of branching 
beyond the second radials is not well known. We found, how- 
ever, in one instance the second radial succeeded by two other 
axillaries. The arms are biserial, thin, short, pinnule-like, and 
they cover the whole ventral surface. In length they do not 
extend beyond the interradial processes, which apparently were 
to protect these delicate organs. 

The interradials are comparatively large. They resemble in 
form and position the deltoids of Codaster, Troostocrinus and 
other Blastoids, in which, like here, no part of the plates is visi- 
ble in a side view. They extend to the top of the projections and 
rest against the inner faces of two limbs, the suture running 
downwards so as to divide the processes into an inner and outer 
part. The plates are connected laterally with one another, but 
not centrally. They leave in the centre a moderately large open 
space, which in perfect specimens is filled by oral plates. The 
lateral edges of the interradials are deflected, curving downward, 
so as to form a wide and deep ambulacral groove, which on 
approaching the inner end becomes deeper and narrower, and 
toward the arm bases divides as stated above. The ambulacral 
grooves are readily distinguished from the general gutter formed 
by the protuberances. They contain neither hydrospires, nor 
pores, nor other openings, but there seem to be small axial canals 
at the arm bases. At each side of the ambulacral groove there is 
a sort of depression, which forms a place of attachment for two 
series of small, subquadrangular covering pieces, which form a 
vault over the groove, leaving underneath a circular, compara- 
tively large passage, which at one end communicates with the 
arms, at the other enters the calyx beneath the edge of the oral 
pyramid. The covering plates of the same series are so closely 
anchylosed that they appear in the best specimens, even under a 
magnifier, as two single plates, one at each side, as which they 
were figured by Hall. Their composite nature and alternate 
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arrangement, however, was ascertained in places where portions 
of this integument had been weathered. 

The oral pyramid, which occupies the centre of figure, is placed 
on a level with the covering pieces to which it is closely attached. 
It rests against the truncated margins of the interradials, which 
for its reception are slightly excavated. It is composed of five 
subequal pieces, which are so closely united by suture laterally 
and centrally, that the suture lines are rarely visible, and the 
plates appear as if forming a single piece. . 

The anal aperture is located ventrally, near the top of one of 
the interradial processes, at the place where two of the limbs meet 
with the interradial. In its usual preservation it consists of a 
rather large circular opening, which, however, in perfect speci- 
mens is closed by a valve of from four to six small pieces. 

The Stephanocrinus which Hall described and figured in the 
28th Rep. of the N. York St. Cab. Nat. Hist. (Second Edition), 
p. 146, Pl. 14, figs. 15-20, is in our opinion specifically distinct 
from S. gemmiformis, and even generically unless the small inter- 
radial plates are very incorrectly outlined. 

S. osgoodensis S. A. Miller ( Codaster osgoodensis), Cincin. Journ. 
Nat. Hist., vol. ii, Pl. 10, figs. 7 and 7 a, which the author in his 
Catalogue of the Palzoz. Fossils (Second Edition) referred to 
Stephanocrinus is described from internal casts, and too incom- 
pletely known for identification. St. pulchellus, 8. A. Miller, is 
a Codaster. 

The column is small, and composed of comparatively long 
joints. 

Geological Position, etc.—The genus has been found exclusively 
in the Niagara group of America. 


The following species have been described :— 


1842. Stephanocrinus angulatus Conrad, (Type of the genus). Journ. Acad. Nat. 
Sci. Phila., vol. viii, p. 279, Pl, 15, fig. 8.—Pictet, 1857, Traité de Paleont., 
vol. iv, Pl. 99, fig. 23.—F. Roemer, 1851, Wiegmann’s Archiy., Jahrgang 
xvi, pp. 365-375, Pl. 5.—Hall, 1851, Paleont. N. York, vol. ii, pp. 215 and 
351, Pl. 48, fis. 1 a-m, and Pl. 85, figs. 1-4.—Niagara group. Lockport, N. 
York. 

1851. St. gemmiformis Hall, Palewont. N. York, vol. ii, p. 215, Pl. 48, figs. 2 a-i; also 
1879, 28th Rep. New York St. Cab. Nat. Hist., p. 146, Pl. 14, figs. 18-20; also, 
1881, 11th Ann. Geol. Rep. Indiana by Collett, p. 279, Pl. 13, figs. 15-20,— 
Rochester, N. Y., and Waldron, Indiana (?). 
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NoTES ON THE UNDERBASALS AND Top STEMJOINT OF NEOCRINOIDEA 
AND PALAOCRINOIDEA. 


On p. 8 we stated that probably many Neocrinoids, heretofore 
supposed to be monocyclic, either have small underbasals con- 
cealed beneath the column, or that these plates had been repre- 
sented in the early larva. We referred to the genera Pentacrinus, 
Millericrinus and Apiocrinus, which, according to our generaliza- 
tions on p. 7, are built decidedly on the plan of dicyclic Palzo- 
crinoids. Our investigation, unfortunately, could be extended 
only to comparatively few species, as the column and axial canal 
of the Neocrinoidea very frequently, and even among the genera 
to which we alluded, are not angular, and Pentacrinus among the 
three is the only genus that has lateral cirrhi. 

Rudimentary underbasals are known,to exist in the Pentacri- 
noid genus Hxtracrinus, and similar plates have been discovered 
in the A piocrinide by Mr. De Loriol in two species of Millericrinus. 
In these species, as in the case of Hatracrinus, the angles of the 
column, when this is pentangular, are interradial, the canals radial, 
exactly as in species in which underbasals are supposed to be 
wanting, but contrary to the conditions of monocyclic Palocri- 
noids in which the angles of the column are radial, the axial canals 
interradial. 

Millericrinus polydactylus, according to Mr. De Loriol (Mono- 
graph of the French Crinoids, p. 553, Pl. 110, figs. 1 a and 2 a)’, 
has five minute plates within the basal ring, which were regarded 
by him as “infrabasalia,” the term which he applies to under- 
basals. De Loriol describes these plates as follows: “ Je distingue 
trés nettement, sur deux individus, cing pieces extremement 
petites, 4 peine distinctes 4 l’cil nu, qui son logées au centre de 
Varticle basal, chacune reposant sur le sommet de l’une des 
carénes, dans une direction radiale; au centre se trouve une 
petite dépression qui forme le fond de la cavité. Ces petites 
piéces, que je n’avais jamais encore observées, jouent évidemment 
le role de pieces infrabasales, mais 4 l'état tout a fait rudimen- 


1 By an error it was stated on p. 7 in Rule 2: the five sections of the 
column are “radial,” the longitudinal sutures ‘‘ interradial,’’ which should 
read: the five sections of the column are ‘‘énferradial,”’ the longitudinal 
sutures ‘‘radial.’’ 

2 This and the succeeding quotations are made from the Paléontologie 
Francaise, 1re Serie, Animaux Invertébrés, Terrain Jurassique, Tome xi, 
Premiétre Partie, Crinoides, par M. P. De Loriol, Paris, 1882-1884. 
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taire.” Similar pieces were discovered by him in his Millericri- 
nus Orbignyt (Pl. 116, figs. 16, c,d), upon which he says on p. 
566: “ Elles ne peuvent absolument se voir que lorsque, par un 
hasard heureux, l’article basal peut se dégager du calice. I] me 
parait indubitable que ce sont la de petites piéces infrabasales 
rudimentaires semblables 4 celles que j’ai signalées dans le Mill. 
polydactylus.” 

We fully agree with the distinguished Swiss paleontologist 
that the plates in question in both cases are rudimentary under- 
basals, from the very fact that the plates are disposed radially, 
the outer angles of the column interradially, as seen in Mill. 
Orbignyt, in which the stem is pentangular. 

Admitting these plates to be underbasals, we doubt if all 
other species of Millericrinus, which have an interradial pentan- 
gular stem, and those with a round stem, and the species of Apio- 
erinus, a genus which, according to De Loriol, is closely allied to 
Millericrinus, should be devoid of underbasals. In that case the 
two species should be separated from the others, and be placed by 
themselves under a very distinct genus. 

That small underbasals at least temporarily were represented 
in other species of Millericrinus and in Apiocrinus, is indicated 
by the fact that the open space within the basal ring, which in 
Millericrinus Orbignyi is occupied by the underbasals, is radial, 
contrary to the axial canals of monocyclic Palzocrinoids, which 
are interradial. Moreover, the space is not in proportion to the 
axial canal in the stem, which in both genera is small and 
circular. The space in these species is large enough to have con- 
tained, in addition to the axial canal, such small plates as De 
Loriol figured in Millericrinus Orbigny, and these, if present, 
would take the same position as the underbasals in that species. 

In all dicyclic Crinoids, the column rests either exclusively 
against the underbasals, or, when these are very small, also partly 
against the basals. The latter is the case in the two species of 
Millericrinus where underbasals are known to be present. In 
these species they form together with the basals a deep concavity 
for the reception of the top stem joint, which occupies the whole 
concavity, as beautifully shown by De Loriol in Mill. polydactylus 
(Pl. 110, fig. 1 @). In other species of Millericrinus in which 
no underbasals have been observed, and in the genus Apiocrinus, 
the structure is fundamentally the same, except that the columnar 
concavity is formed exclusively by the basals, the underbasals 
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being here absent, and the space which they should fill left vacant 
in the fossil. In all these species the top stem joint occupies the 
same position toward the basals that it does in the two 
species in which the underbasals are in place, although the 
plate varies considerably in form. In some of them it ap- 
pears as if forming a part of the calyx, in others as an ordinary 
stem joint. Insome species it is much wider than the succeeding 
joints, in others of the same width; but there are all possible 
gradations between the extremes. In all of them, however, the 
plate rests against the outer walls of the basals as in Mill. poly- 
dactylus, not within the basal ring, and in all of them the basal 
concavity, whether large or small, is completely filled by the top 
stem joint. 

It is very interesting that in the two cases in which De Loriol 
accidentally discovered underbasals, these were separated from 
the basals, and are closely attached to the column, which goes to 
prove that probably already a partial resorption of the plates 
took place. It suggests further that the union with the under- 
basals was tighter than with the basals, that probably the former 
was effected by common suture, the other by syzygy or some other 
loose way, the apposed faces being either striated or showing 
traces of fossze. 

A near approach to the structure of Millericrinus polydactylus 
we find in Mill. Piletti (Pl. 63), in which no underbasals were 
observed, but the lateral faces of the basals (fig. 8 @) show clearly 
that underbasals were once present. The column also here, from 
the first joint down, is strictly interradial, the axial canal small 
and round, and not in proportion to the large open space between 
the basals. The basal concavity is funnel-shaped, very deep, 
wide at the outer end. The upper stem joint is large, and extends 
in width considerably beyond all succeeding joints. 

A similar base exists in Mill. Milleri (Pl. 96), in which again 
the upper columnar joint is laterally extended and strictly inter- 
radial, the columnar canal round, and much smaller than the 
open space within the basal ring, which is star-shaped, the rays 
directed radially. 

A very different base is figured by De Loriol in Apiocrinus 
magnificus (Pts. 46-48), in which the top stem joint takes the 
form of the anchylosed underbasal disk of the Palzeocrinoid genus 
Stemmatocrinus. A comparison, however, with other species 
proves very clearly, that it is a top stem joint of a very extreme 
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form, and that the plate actually rests against the outer faces of 
the basals, and not between the basals as in the case of the inner 
plate in Stemmatocrinus and Cupressocrinus, which Carpenter 
(Chall. Rep., p. 152), as we think, erroneously took to be a stem 
joint. The plate in Apiocrinus magnificus is not, as should be 
supposed from appearances, disposed radially, but interradially, 
as shown by comparison with species having a pentangular stem. 
It attained its radial angles accidentally by adapting its form to 
the basal concavity which is naturally angular. The case is parallel 
to that of Hucalyptocrinus and Barrandeocrinus, in which the 
angles of the upper column are shaped so as to conform with 
surrounding plates, which are in that genus the radials. 

In Apiocrinus Parkinsoni (Pts. 27 and 28) and in A. roissyanus 
(Pts. 41-45), the basal structure is similar to that of Ichthyocrinus, 
but, while in the latter the underbasals are persistent through 
life, they may have disappeared in the other. The basal concavity is 
shallow, and in both species the upper portions of the column taper 
abruptly in a downward direction. The same is the case fre- 
quently among the Ichthyocrinide. 

The base of Guettardicrinus and Rhizocrinus is in a similar 
condition, but less concave. For Rhizocrinus we refer to the 
Challenger Report, Pl. x, figs. 5 and 9. The top stem joint 
resembles closely that of Apiocrinus, and also the basal con- 
cavity, which also here is filled completely by the top joint. The 
columnar canal is circular or ovoid, and much smaller than the 
pentangular space within the basal ring, which, contrary to mono- 
cyclic Crinoids, is directed radially. The same is the case in 
Guettardicrinus. Both genera are built on the same plan as 
Apiocrinus, and if the latter possessed underbasals, these plates 
were also present in Rhizocrinus and Guettardicrinus. 

In the Pentracrinidz, and not only in Latracrinus, in which 
underbasals have been observed, but also in Pentracrinus and 
_ Metacrinus in which they are said to be absent, the angles of 

the column, without exception, are interradial, the lateral cirrhi 
radial, but, while the axial canals of Metacrinus, and probably 
Eextracrinus, are radial! in conformity with dicyclic Palzeocri- 
noids, they are interradial in Pentacrinus,? as in all monocy- 


1 Challenger Report, Pl. 12, figs. 1 and 2, and Pl. 41, figs. 6 and 7. 

2 Pl. 12, figs. 15 and 16 ; Pl. 20, figs. 1 and 2; Pl. 22, figs. 1, 2, 7; Pl. 28, 
figs. 1 and 2; Pl. 26, fig. 11 ; Pl. 27, figs. 2, 3; Pl. 30, fig. 4; Pl. 34, figs. 8 
and 9; Pl, 37, figs. 14 and 15. 


222 PROCEEDINGS OF THE ACADEMY OF [1886. 


clic older Crinoids. This departure from what we discovered to 
be the rule in the Palszeocrinoidea induced us not to mention the 
axial canals in suggesting on p. 71 that perhaps “ all Neocrinoids, 
or at least many of them, may have possessed in their larval state 
rudimentary underbasals hidden by the column,” basing our argu- 
ments mainly upon the interradial angles of the column and the 
radial position of the columnar cirrhi. This forms at present an 
_ objection to our view that the two genera, and especially Penta- 
crinus, are dicyclic. On the other hand it must not be over- 
looked that the position of the column, whether radial or inter- 
radial, apparently is governed by laws similar to those by which 
the underbasals are radial, the basals interradial. - The pentapar- 
tite stem—and this is found in quite a number of palzeozoic genera, 
especially Silurian—alternates always with the proximal ring of 
plates, the segments are radial when there are basals only, inter- 
radial when also underbasals are present. In Palzocrinoids in 
which the column is undivided and pentangular, its position, 
whether radial or interradial, is ascertained from its lateral angles, 
and hence their direction morphologically important. In species 
in which the underbasals are small, and completely covered by 
the column, as sometimes in Barycrinus, the angles of the column 
occupy the same relative position toward the basals, as the upper 
stem joint of Metacrinus, Pentacrinus, Millericrinus and the cen- 
trodorsal of all Comatule does toward their basals. This led us 
to the conclusion that either the rules, which meet with no excep- 
tion among Palocrinoidea, as far as we know, either do not hold 
good for the Neocrinoidea, or the genera to which we alluded, 
and which are built otherwise upon the plan of dicyclic Crinoids, 
really possessed rudimentary underbasals during life as Hatracri- 
nus and certain species of Millericrinus, or that perhaps under- 
basals were present in their larva. 

The ventral surface of the centrodorsal in some species of 
Antedon is almost identical with that of the top stem joint of 
Millericrinus, the plate is also interradial (Pl. 6, fig. 11), and 
rests, as in the Apiocrinide, against the outer face of the basals, 
not within the basal ring. It is similar in other Comatulz, in all 
of which the centrodorsal is interradial, and upon this mainly, we 
base the opinion that perhaps also the Comatule in their early 
larva had rudimentary underbasals. That these plates, if present, 
were not observed, is not surprising, as they may have been very 
minute and been covered entirely by the column. 


ez 
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Zittel suggested (Handb. d. Palont., i, p. 390), that the plate 
which connects with the basals in Apiocrinus probably repre- 
sented an anchylosed underbasal disk, composed of five pieces. 
That this is impossible is shown by the case of Mill. polydactylus, 
which’ in that case would have two rings of underbasals. We 
fully agree with De Loriol and Carpenter that it is an enlarged 
stem joint, and believe that the plate represents morphologically 
the top joint (the first one beneath the basals) of all Crinoids, 
recent or fossil. The plate forms no integral part of the calyx, 
but rests in all cases either against the dorsal (outer) face of the 
basals, against the underbasals, or against both of them. It is 
disposed interradially in the Apiocrinide, Pentacrinidz and Com- 
atulz, similar to dicyclic Paleocrinoids, and undivided ; while in 
other groups it is sometimes compound (tripartite or quinquepar- 
tite). The underbasals, however, form an integral part of the 
calyx, they rest within the basal ring, against the lateral faces of 
the plates, and they are composed primarily of five pieces, which 
occasionally are reduced by anchylosis to three, or coalesced into 
a solid disk. If this is correct, it follows that the inner plate of 
Stemmatocrinus, Cupressocrinus and allied genera is not a stem 
joint, as suggested by Carpenter (Chall. Rep. 153) and others, 
but an anchylosed underbasal disk, as seen by examining the 
inner side of the calyx, which shows that the plate forms a part 
of the calyx, and rests against the lateral faces of the basals, 
within the basal ring, and not against their outer faces. 


ADDITIONS AND CORRECTIONS. 


Owing to peculiar circumstances preventing a sufficiently careful super- 
vision of publication (although the proofs were carefully examined by one 
of the authors), a number of errors have been detected, especially in the first 
section of Pt. III. Two or three of these are exceedingly annoying, entirely 
changing our meaning. We request our readers to make the changes at 
once in their copies as indicated below. 


Part I. 

On p. 239 (Ex. Ed., p. 16), 6th line from bottom, for ‘‘Paleocrinoids”’ 
read ‘‘Pentacrinoids.”’ 

On p. 251 (Ex. Ed., p. 28), 16th line from top, for ‘‘first radials’’ read 
‘‘basals’’ (although the interpretation thus indicated has been modified 
by us). 

On p. 824 (Ex. Ed., p. 101), 11th and 10th line from bottom, change 
twice: ‘‘radial”’ into ‘‘tnterradial,’’ and ‘‘interradial’’ into “radial,” 
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Parr II. 


On p. 207 (Ex. Ed., p. 33), 4th line from bottom, for ‘‘inverted’’ read 
““wecumbent.”’ / 

On p. 247 (Ex. Ed., p. 73), 19th line from bottom, for ‘‘ornigranules ”’ 
read ‘‘ornigranulus.”’ 

On p. 250 (Ex. Ed., p. 76), 4th line from top, for ‘‘vesiculus’’ read 
“* vesiculosus.” 

On p. 281 (Ex. Ed., p. 107), 20th line from top, for ‘‘elongatulus”’ 
read ‘‘ elegantulus.”’ A 

On p. 281 (Ex. Ed., p. 107), 16th line from top, for ‘‘comptus”’ read 
*‘comtus ;”? and 20th line from bottom, for ‘‘Harbrocrinus’’ read 
“* Habrocrinus.”” 

On p. 298 (Ex. Ed., p. 124), 2d line from top, for “‘posterior’’ read 
*¢ superior.” 

On p. 299 (Ex. Ed., p. 125), 7th line from top, for ‘‘first’’ read ‘‘ second.” 

On p. 319 (Ex. Ed., p. 145), 2d line from bottom, for ‘‘tennuis”’ read 
“* tenuis.”’ 

On p. 820 (Ex. Ed., p. 146), 1st line from top, for ‘‘tennuisculptus”’ 
read ‘‘ tenuisculptus.’’ 

On p. 856 (Ex. Ed., p. 182), 12th line from top, for ‘‘basals’”’ read 
‘“‘underbasals.” ; 

On p. 389 (Ex. Ed., p. 215), 4th and 11th lines from top, for “‘ pendant ”’ 
read ‘‘ pendent.”’ 

On p. 393 (Ex. Ed., p. 219), 14th line from top, for ‘‘ mammilaris ’’ read 
“mammillaris.”’ 


Part III, Sect. I. 


On p. 228 (Ex. Ed., p. 6), top line, insert after ‘‘and’’ the words ‘‘we 
think.”’ 

On p. 229 (Ex. Ed., p. 7), 5th line from bottom, for ‘‘radials’’ read 
““interradtals,’?’ and 4th line from bottom, for ‘‘interradials’’ read 
“‘radials.”’ 

On p. 230 (Ex. Ed., p. 8), 15th line from top, after the word ‘‘cirrhi”’ 
insert ‘‘when present.’’ 

On p. 232 (Ex. Ed., p. 10), 10th and 11th lines from top, for “‘postero- 
lateral’’ read ‘‘ antero-lateral.”’ 

On p. 285 (Ex. Ed., p. 13), 8th and 10th lines from top, for ‘‘ Pl. 6”? read 
“Pl. 5,’’ also 4th line from bottom, for ‘‘ Hoplocrinus’’ read ‘‘Haplocrinus.”’ 

On p. 241 (Ex. Ed., p. 19): Our statement in the 16th and 17th lines from 
bottom has been made the basis of a criticism by Dr. P. H. Carpenter, which 
is well founded. It did not properly express our meaning, and we change 
it as follows: Strike out all after the word ‘‘present’’ to the end of the 
sentence, and insert: “in others apparently absent eaternally, either as a 
rule or occasionally, but in these cases we believe them to be represented on the 
ventral side, as in the Crotalocrinide.’’? In the same connection, on p. 295 
(Ex. Ed., p. 73), in the 12th line from the top, strike out ‘‘all,”’ and after 
the word ‘‘are’’ insert ‘' generally.”’ 
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On p. 245 (Ex. Ed., p. 23), 8d line from top, for ‘‘Palzocrinide ”’ read 
*¢ Paleocrinotdea.”’ 

On p. 249 (Ex. Ed., p. 27), 6th line from bottom of text, for ‘‘ Pl. 2” 
read ‘‘ Pl. 5.”’ 

On p. 253 (Ex. Ed., p. 31), 8th line from top, for ‘“‘stellatus’’ read 
“* stellaris.”’ 

On p. 254 (Ex. Ed., p. 32), 18th line from top, before ‘‘alone’’ insert 
““nerhaps.”” 

On p. 255 (Ex. Ed., p. 33), 14th line from bottom, for ‘‘ multiradiatus ”’ 
read “‘multibrachiatus,” and for ‘‘fig. 2”’ read ‘fig. 6 ;”’ also 11th line from 
bottom for ‘‘Norwordi” read ‘‘ Norwoodii ;”’ also 5th line from bottom, for 
‘to each plate’’ read ‘‘or more.”’ 

On p. 263 (Ex. Ed., p. 41), 5th line from bottom, for “‘radials’’ read 
“*interradials.”’ 

On p. 277 (Ex. Ed., p. 55), 14th line from bottom, for ‘‘Pl. 8” read 
oe a 

On p. 285 (Ex. Ed., p. 63), 9th line from top, for ‘Pl. 1”’ read ‘Pl. 4.” 

On p. 287 (Ex. Ed., p. 65), 5th line from bottom, for ‘‘Iovensis”’ read 
““dowensis.”” 

On p. 291 (Ex. Ed., p. 69), 12th line from top, for ‘‘anal”’ read ‘‘oral.”’ 

On p. 292 (Ex. Ed., p. 70), 14th line from top, read ‘‘Palwocrinoidea.” 

On. p. 294 (Ex. Ed., p. 72), last line, for ‘‘as a rule” read ‘‘always.”’ 

On p. 295 (Ex. Ed., p. 73), top line, for ‘‘ Palzeozic”’ read ‘‘ Palwozoic.”’ 

On p. 300 (Ex. Ed., p. 78), at top, tor ‘‘Stellerites”’ read ‘‘ Stellerids.”’ 

On p. 303 (Ex. Ed., p. 81), 16th line from bottom, for ‘‘ Paleeocrinoide ”’ 
read ‘‘ Paleocrinotdea.”’ 

On p. 307 (Ed. Ed., p. 85), 15th line from top, for ‘‘ Beteocrinus”’ read 
‘*Reteocrinus.”’ 

On p. 312 (Ex. Ed., p. 90), 6th line from bottom, for ‘‘ Platynicride ”’ 
read ‘‘ Platycrinide.”” 

On p. 321 (Ex. Ed., p. 99), under Thylacocrinus, for ‘‘Vanniosti’’ read 
** Vanniott.”’ 

On p. 327 (Ex. Ed., p. 105), top line, for ‘‘ mespiliformes”’ read ‘‘ mespili- 
formis.”’ ; 

On p. 336 (Ex. Ed., p. 114), 12th line from bottom, for “‘simple’’ read 
* single.”’ 

On p. 349 (Ex. Ed., p. 127), 18th line from bottom, for ‘“‘ Nebergangs- 
geb.,”? read “‘ Uebergangsged.,;”? and on the 11th line, for ‘‘Dupé”’ read 
“ Hupé.” 

On p. 359 (Ex. Ed., p. 187), 9th line from top, for ‘‘ peristomeal’’ read 
“‘neristomial ;’ and 12th line, for ‘‘were”’ read ‘‘aas.”” 

Mr. W. R. Billings discovered underbasals in Glyptocrinus priseus, and 
we therefore refer the species to ‘““Ptychocrinus.’? He also did send a dia- 
gram of Rhodocrinus (?) asperatus, which leaves but little doubt that it is 
a somewhat aberrant form of ‘‘ Archwocrinus.”’ 
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Part III, Sect. II. 


On p. 71 (Ex. Ed., p. 147), 13th line from bottom, strike out the word 
**constructed.”’ 

On p. 79 (Ex. Ed., p. 155), 2d line from bottom, read “* Myrtillocrinus”’ 
without an ‘‘h.”’ 

On p. 89 (Ex. Ed., p. 165), 10th line from top, for ‘‘Austini’’ read 
“Austinit.”’ 

On p. 90 (Ex. Ed., p. 166), 3d line from bottom, for ‘‘Scytalocrinus”’ 
read ‘‘ Stylocrinus.”’ 

On p. 99 (Ex. Ed., p. 175), 11th line from top, for ‘‘T. granulatus”’ read 
“T. pyriformis.” 

On p. 105 (Ex. Ed., p. 181), 14th line from bottom, for ‘‘pyrimidalis” 
read ‘‘pyramidalis.”’ 

On p. 115 (Ex. Ed., p. 191), 15th line from top, for ‘‘Streblocrinus ”’ 
read ‘‘Streptocrinus.”” : 

On p. 150 (Ex. Ed., p. 228), 22d line from top, for ‘‘subuminus’’ read 
*¢ subtumidus.”’ 

On p. 157 (Ex. Ed., p. 233), 18th line from top, strike out the brackets 
and insert ‘‘commas’’ in their place. 

On p. 161 (Ex. Ed., p. 237), 5th line from bottom, for ‘‘ Dactilocrinus ”’ 
read ‘‘Dactylocrinus.”’ 

On p. 162 (Ex. Ed., p. 288), 13th line from top, for ‘‘single’’ read 
“simple.” 

On p. 163 (Ex. Ed., p. 239), 16th line from bottom, for ‘‘ Parisocrinus ”’ 
read “ Pachylocrinius.”’ 

On p. 166 (Ex. Ed., p. 242), 11th line from bottom, insert: “* Woodo- 
crinus covanus, Worthen (Zeacrinus coxanus), Geol, Rep. Illinois, vii, p. 302, 
Pl. 28, fig. 1. Keokuk gr.—Hamilton, Ill. Syn. Zeacrinus Keokuk, ibid., 
p. 808, fig. 3.”’ 

On p. 167 (Ex. Ed., p. 248), 10th line from bottom, for ‘‘ Pl. 6, fig. 3,” 
read ‘‘Pl. 6, fig. 9 and Pl. 9, fig. 8.” 

On page 169 (Ex. Ed., p. 245), 5th line from bottom, for ‘‘orbicularis ” 
read ‘‘ globularis.”’ 

On p. 171 (Ex. Ed., p. 247), 12th line from bottom, for ‘‘ Epachycrinus”’ 
read ‘‘Hupachycrinus.”’ 

On p. 173 (Ex. Ed., p. 249), 17th line from bottom, for “‘ platybasilis ”’ 
read ‘‘ platybasalis.”’ 

On p. 175 (Ex. Ed., p. 251), 15th line from top, add the word “‘ right” 
before postero-lateral. 

On 177 (Ex. Ed., p. 253), 18th line from bottom, for ‘‘ Eriocrinus”’ read 
** Hrisocrinus.”’ 

On p. 197 (Ex. Ed., p. 273), 21st line from top, leave out the word 
“‘qeial’”’ before ‘‘canal.’’ 
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APRIL 6. 
Mr. Joun H. ReEpDFIELD in the chair. 


Twenty-five persons present. 


Permission haying been given, Prof. Heilprin withdrew his 
paper entitled “On a Giant Conorbis from the Oligocene of 
Florida.” 


The death of Charles Wilt, a member, was announced. 


Fresh-water Sponges from Newfoundland: A new Species.— 
Mr. Epwarp Ports stated that in the latter part of August, 1885, 
Mr. A. H. MacKay, of Pictou, Nova Scotia, whose success as a 
collector of fresh-water sponges in his own neighborhood has 
been already recorded (Proc. Acad. Nat. Sci. Phila., 1884, p. 215, 
etc.), made a scientific visit to the island of Newfoundland. His 
explorations were mainly limited to the irregular peninsula of 
Avalon, the southeasterly extremity of the island, and the record 
_ of his collections beside mentioning the neighborhood of the 
city of St. Johns, embraces such familiar names as Trinity Bay, 
Harbor Grace, and Heart’s Content, the landing place of the 
Atlantic cable. 

He writes “I was extremely sorry that owing to my limited 
time and the impenetrability of the interior to any ordinary 
effort, I could not gain access to the great lakes in the heart and 
the western portion of theisland. I have merely made a dip into 
a few of the ponds on the N. (?) E. coast.” These are more par- 
ticularly mentioned as Virginia and Ouidi Vidi Lakes, near St. 
Johns; Lady Lake, Bannerman Lake, Rocky Lake and Car- 
bonear Lake, small bodies of water near Harbor Grace; and 
other lakelets and brooks upon the rocky ridges and near the 
sea level between Harbor Grace and Heart’s Content. All this 
region is described as “the Canadian Huronian, the equivalent of 
the English Cambrian,” and the collections were generally 
limited to the shallow margins of the ponds, where the sponges 
were found upon the under sides of splinters of hard slaty 
quartzites, in numbers very plentiful, but generally small; “ from 
mere points to an inch or more in diameter.” 

It is to be regretted that the date of Mr. MacKay’s visit was 
necessarily so early in the year, as the specimens collected were 
either immature or contained only the degenerate statoblasts of 
the preceding season. The information gathered as to the range 
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of temperature upon this island, is valuable as indicating so far 
the conditions of the growth of these and other organisms. 

He says: ‘‘ The Island is not extreme in its temperature, and 
the frost does not go very deep into the soil. The lakes freeze 
in November or December with ice at least a foot in thickness, 
and remain closed until the end of April. The average tempera- 
ture during eight years, from 1857 to 1864, was 41:2° Fahr. 
Average maximum thermometer during the same time 83°, 
minimum 7°. In the year 1879, the mean temperature was 40°2° 
Fahr.; highest record August 3, 82°; lowest December 22, +4°. 
In Nova Scotia, though that is so much further south, the range 
is far greater, from +96° to —20° or —24° Fahr., with an annual 
average of 44°.” 

The specimens of sponges so kindly forwarded by Mr. MacKay 
for examination and report, were more or less minute incrusta- 
tions upon small stones, gathered as above indicated, and 
belonged to the species Spongilla lacustris, Auct.; S. fragilis, 
Leidy; S. mackayi, Carter; Meyenia fluviatilis, Auct., and 
Heteromeyenia pictovensis and Tubella pennsylvanica, Potts. Of 
these, Spongilla fragilis was by far the most abundant, and our 
knowledge of its range is thus extended along the Eastern coast 
of North America from Florida to Newfoundland ; whereas it 
had previously been traced westwardly to British Columbia 
near the Pacific Ocean, and more recently has been discovered in 
Russia, Bohemia and England. Beside the familiar species, S. 
lacustris, S. fragilis and M. fluviatilis, Tubella pennsylvanica 
has been rapidly enlarging its borders beyond the narrow limits 
of its original territorial designation; while S. mackayi and H.. 
pictovensis had previously been known only from the discoveries 
of Mr. MacKay in Nova Scotia. 

One other form remains to be described, and at the suggestion 
of its discoverer it is hereby designated— 


SponciLLA Nova TERRA, n. sp. 


Sponge incrusting; sarcode of the young growth, a dense 
mass of minute spherical cells, embedding slender curving lines 
of fasciculated skeleton spicules, developing later into a very 
loose, open tissue, with few connecting spicules. 

Gemmules rather numerous, unusually large, spherical ; chitin- 
ous coat thin; ‘ crust ’’ apparently wanting. 

Skeleton spicules relatively few, slender, cylindrical, smooth 
or sparsely microspined ; gradually pointed. 

Dermal or flesh spicules very abundant, minute birotulates of 
unequal size; shafts slender, cylindrical, occasionally spined ; 
outer surface of rotules dome shaped ; rays prolonged, termina- 
tions acute; malformations frequent. Mixed with occasional 
linear, spined spicules. 
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Spicules upon the gemmulze abundant, crossing each other 
upon the crustless, chitinous 
body. Their shape when 

\ Uf smooth is robust- fusiform, 

ze with pointed terminations ; 

. the great majority, however, 

Nx +e Ws at have from aie to Te or more 

= ere ye xf ) : long spines, non-symmetri- 

cally placed, but with an 

aa Sic a evident tendency to group 

themselves at points about 

one-fourth the length of the 

spicule from one or both of 
its extremities. 

Measurements: Diameter 
of gemmules 0°036 inches ; 
skeleton spicules, 0°0068 by 0°0002 inches; length of average 
dermal spicule, 0°00066 inches; of gemmula spicule, 0°00145 
inches. 

Habitat.—Encrusting stones in shallow water. 

Locality.—Lakes or ponds in the vicinity of Heart’s Content, 
Newfoundland ; collected by Mr. A. H. MacKay. 

All the specimens of this sponge came from the neighborhood 
of Heart’s Content, but whether they were gathered from a lake 
upon the heights or from a brook mentioned by Mr. MacKay near 
the sea level, does not seem entirely clear. The accompanying 
illustration (magnified 225 diameters) will suggest the peculiari- 
ties of its skeleton, dermal and gemmular spiculation. The 
striking resemblance of the dermal spicules to the minute 
birotulates, heretofore only known in a corresponding position, 
in the case of Meyenia everetti, will at once impress the student. 
These are however more variable in size, are occasionally spined, 
and have their rays more prolonged and more delicately ter- 
minated. 

It is in the singular character of the spicules surrounding the 
gemmule that this sponge must attract peculiar attention. By 
the system of H. J. Carter, Esq., the fresh-water sponges are 
now classified into six genera, beside some conditional designa- 
tions of forms in which the typical features are as yet undis- 
covered. These six, Spongilla, Meyenia, Heteromeyenia, Tubella, 
Parmula and Carterius, may again be associated into two 
groups, one of them including only the genus Spongilla, charac- 
terized by the linear acerate spicules surrounding the gemmulz ; 
and the other comprising all the other genera, where the spicule 
of corresponding significance is a birotulate or some easily recog- 
nized derivative of that type. Within this latter and larger 
group intermediate forms, connecting the defined genera, are 
frequent, and the location of species upon, one side or other of 
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the distinctive line comparatively unimportant. Heretofore, 
between the genus Spongilla and those genera comprising the 
other group, there has been “a great gulf fixed.” One only case 
in the past has suggested their possible association, or the 
development of one group from the other. 

In Meyenia acuminata, Potts (Proc. Acad. Nat. Sci. Phila., 
1882, p. 69), since regarded as a variety of M. fluviatilis, the 
shafts of the birotulates are prolonged at each extremity, form- 
ing acuminate terminations some distance beyond the surface of 
the rotules. In position, also, these spicules are abnormal, lying 
flat upon the chitinous coat, instead of resting upon one rotule, 
their shafts taking the position of radii, as is usual in this form. 
In fact we have the spicules of a Meyenia occupying the ordinary 
positions, and in degree approximating the forms of those pecu- 
liar to the Spongille. 

In the present instance their intermediate character is still 
more striking, and while their form and position probably more 
closely associate them with the genus Spongilla in which the 
species has now been placed, the grouping of the ray-like species 
clearly suggests Meyenia. It has been an altogether unprece- 
dented experience with the author to hesitate between these two 
genera, and it will be no cause of surprise if the future teacher 
shall shift it from its present position. 

It must not escape notice that in both of these instances the 
gemmule are without “ crust ;”—that it is difficult to understand 
how birotulates could be supported in their ordinary positions 
without these embedding granules; and that we may not unrea- 
sonably infer that the change in position has induced the modifi- 
cation of type that we here find. 

This collection of sponges, including the new species, has been 
examined coincidently by H. J. Carter, Esq., F. R. S., and their 
identification and this description are believed to meet his 
approval. 


Aprit 13. 
Mr. Joun H. REDFIELD in the chair. 


Nineteen persons present. 
The death of the Hon. John Welsh, a member, was announced. 


APRIL 20. 
Mr. Geo. W. Tryon, JR., in the chair. 


Fifteen persons present. 
The death of Andrew Nebinger, M.D.,a member, was announced, 
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APRIL 27. 


The President, Dr. Jos. Lerpy, in the chair. 


On Anthracomartus Trilobitus Scud.—Prof. F. L. Harvey re- 
marked that the coal field of North Arkansas belongs to the 
western interior coal area, which covers the greater part of Mis- 
souri, and extends into Lowa, Kansas, Nebraska, Indian Territory, 
Arkansas and Texas. This vast field covers 78,000 square miles, 
of which about 10,000 are in Arkansas and 12,000 in the Indian 
Territory. It belongs to the lowest, the subconglomerate. The 
veins occur in the shales of the millstone grit, less than 100 feet 
above the Archimedes limestone. ‘There is only one vein in the 
northern limit, which is from eight to eighteen inches thick. In 
the Arkansas River valley there are three veins which often have 
an aggregate thickness of over six feet. The veins lie high in the 
hills in the Boston Mountains, but the southward dip brings them 
in the Arkansas River valley, beneath the drainage of the country. 

The veins in north Arkansas are worked in a limited way by 
scalping and drifting, but shaft mining is done at Coal Hill, 
Spadra and other points and there is at present considerable 
coal exported to New Orleans down the Arkansas valley route. 

The conditions were most favorable for the preservation of plant 
remains. Beautifully preserved plants occur in the shales above 
the coal vein of northwest Arkansas and limited research in 
Washington County aldne yielded the speaker over 100 species 
new to the State and fifteen new to science. 

While searching for fossil plants in the brash shale near the 
coal, a specimen of fossil spider was found. By carefully work- 
ing over a few tons of shale several more specimens were procured. 
The material was sent to Prof. Scudder for examination and he 
named the form Anthracomartus trilobitus, sp.nov. It is believed 
to be the only species of the genus found in the coal measures of 
the United States. The genus was founded upon a single Euro- 
pean species. It is interesting that a second species should be 
found so far separated. Fossil insects are scarce in the subcon- 
glomerate, and the three known from Arkansas are, a wing of 
Blattina venusta, discovered by Prof. Lesquereux and figured in 
Owen’s Report of Arkansas, vol. ii, p. 312; the species of spider 
under consideration and an undescribed Neuropterous larva in 
the cabinet of the speaker. The description and figure of this 
Anthracomartus, so far as we know, has not been published, 
but is enumerated in Mr. R. D. Lacoe’s “Check List of 
Palzeozoic Insects.” Less than a dozen specimens are known and 
they are in the cabinets of Prof. Scudder, Mr. R. D. Lacoe and 
the speaker, besides the specimen presented to the Academy 
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this evening. The specimens are all imperfect, showing only 
the abdomen and a part of the cephalothorax. The most of them 
were compressed vertically and give a transverse view. The 
compressed abdomen reminds one of the pygidium of a trilobite, 
hence the specific name. A single specimen compressed laterally 
shows well the elevated and rounded abdomen characteristic of 
our modern spiders. The cephalothorax is minutely punctate. 
The species is interesting as occurring at the base of the coal 
measures. The locality is no longer worked and the species may 
be considered scarce. 


Messrs. Calvin McCormick and Samuel Wagner were elected 
members. 
The following was ordered to be printed :— 


1886. ] NATURAL SCIENCES OF PHILADELPHIA. 233 


A REVIEW OF THE AMERICAN GASTEROSTEIDE. 
BY CARL H. EIGENMANN. 


In this paper I have attempted to give the synonymy of the 
American species of Gasterosteide with analytical keys for their 
identification, and such notes as my studies of the group seem 
to justify. The specimens examined all belong to the Museum 
of the Indiana University. 

I am indebted to Dr. David S. Jordan for the use of his library 
and for many suggestions. 


Analysis of Genera of Gasterosteide. 


a. Snout not prolonged ; dorsal spines 3 to 11. 
b. Innominate bones joined, forming a median plate on belly 
behind ventral fins. 
e. Gill membranes joined ; their posterior border free from the 
isthmus ; spines small, mostly feeble. 

d. Dorsal spines 7 to 11, weak, divergent; innominate bones 
with the outer edge stout and thick; the median part 
searcely ossified ; pubic bones long, weak, widely diver- 
gent, leaving a <|-shaped naked area in front of ventral 
spines ; body slender. Pyeosrevus. 1. 

dd. Dorsal spines 5, non-divergent, of moderate size ; innomi- 

nate bones united, forming a short, narrow but strong 
ventral plate; pubic bones weak, short, widely divergent, 
leaving a subcireular space in front of ventral spines ; 
body rather stout; skin smooth. Kucania. 2. 
ec. Gill membranes narrowly joined to the isthmus ; innomi- 
nate bones large and strong; spines of fins mostly 
strong; divergent; dorsal spines 3 or 4 in number; 
pubic bones very broad, long and little divergent, 
leaving a lanceolate-shaped, naked area in front of the 
ventrals ; form robust ; skin mailed or naked. 
GASTEROSTEUS. 3. 
bb. Innominate bones not joined, but each extending as a strong 
process under the skin on outside of insertion of ventrals; 
the area between them flat and not ossified; pubic bones 
short and weak, not visible externally; dorsal spines 
strong, divergent, 4 in number; gill membrane broadly 
joined to the isthmus; body rather stout; the caudal 
peduncle very slender ; skin smooth. APELTES. 4, 
16 
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aa. Snout projecting, subtubiform ; dorsal spines small, about 15; 
innominate bones joined only at base ; body elongate ; sides 
mailed. SprnacHia. 5. 


1. PYGOSTEUS. 


Pygostews (Brevoort MSS.) Gill, Cat. Fish. East Coast N. A., 39, 1861. 
(Not characterized); Canadian Naturalist, ii, 8; August, 1865 (occi- 
dentalis). 


Gasterostea Sauvage, Revision des Epinoches, 29, 1874 ( pungitius). 


This genus is characterized by the presence of 7 to 11 divergent 
dorsal spines and by the weakness of the innominate bones. It 
differs from Gasterosteus also, in having the posterior margin of 
the gill membrane free and by the less development of the spin- 
ous armature. 

But a single species, variable in its characters, seems to be 
known. It is widely distributed in the fresh and brackish waters 
of northern regions. 


Analysis of Species of Pygosteus. 


a. Body extremely elongate and slender, deepest at ventral spines, 
decreasing in height towards head and tail. Head long, 4 
in length to base of caudal. Mouth large, very oblique ; 
maxillary not reaching to anterior margin of orbit. Teeth 
small, in a single series. Eye large, its diameter greater 
than snout. Caudal peduncle keeled, slender and long, 
about 5 in length to base of caudal. No bony plates along 
side; small plates extending along the bases of the anal 
and soft dorsal. Post pectoral plate present, large and 
faintly granulate. Scapula forming a triangular post oper- 
cular plate; operculum striate. All the surface bones very 
weak, bones of scull granulate; innominate bones weak, trans- 
lucent, thin in the median part. Gill openings extending to 
below posterior edge of preopercle. Vertebre (pungitius) 
14+18. Caudal fin lunate, long and narrow. 

b. Ventral spines more than oné-third of head. D. VII. to 
th-1,9; A. 8: Punaitius.. l. 


bb. Ventral spines less than one-third length of head. D. X- 
teeeos ALT, 10; Brachypoda. 1 (a.) 
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1. PYGOSTEUS. 
1. P. pungitius. 

Gasterosteus aculets in dorso decem Artedi, Gen. Pisc., 52, 1738. 

Gasterosteus pungitius Linnzus, Syst. Nat., Edit. x, L. 296, 1758 (based 
on Artedi) (and of European authors generally); Storer, Rept. Fish. 
Mass., 32, 1839 (Salem); Bean, Proc. U. 8. Nat. Mus., 1879, 10 
(Boston); Goode & Bean, Fish. Essex Co. and Mass. Bay, 5, 1879 
(Salem Pond); Bean, Proc. U. 8. Nat. Mus., 1880, 77 (Wood’s Holl); 
Bean, Proc. U. 8. Nat. Mus., 1881, 128 (Hudson Bay); Jordan and 
Gilbert, Syn. Fish. N. A., 393, 1883; Stearns, Proc. U. 8. Nat. Mus., 
1883, 124 (Labrador). 

Pygosteus pungitius Forbes, Bull. Ill. Lab. Nat. Hist., iii, 69, 1880 
(Calumet R.; Lake Michigan); Jordan, Ohio Geol. Rep., 999, 1882 
(Name only); Jordan, Cat. Fish. N. A., 63, 1885. 

Gasterosteus pungitinous Walbaum, Artedi Piscum, 446, 1792 (After 
Artedi). 

Gasterosteus occidentalis Cuvier & Valenciennes, Hist. Nat. Poissons, 
iv, 509, 1829 (Newfoundland); Dekay, Nat. Hist. N. Y., 68, plate 
XLII, fig. 185, 1842 (New York); Jordan, Cat. Freshwater Fish. 
U. §., 441, 1878 (Name only). 

Gasterosteus pungitius var. occidentalis Giinther, Cat. Fish, Brit. Mus., 
i, 6, 1859 (North America). 

Pygosteus occidentalis (Brevoort MSS.) Gill, Cat. Fish. East Coast N. 
A., 39, 1861 (East Coast); Gill, Cat. Fish. East Coast N. A., 16, 
1873 (Name only); Jordan, Man. Vert., 248, 1876 (Great Lakes); 
Goode, Bull., xiv, U. S. Nat. Mus., 53, 1879 (Name only); Goode, 
Bull. xxi, U.S. Nat. Mus., 31, 1880 (Name only). 

Gasterostea occidentalis Sauvage, Revision des Epinoches 30, plate i, 
fig. 18, 1874 (Newfoundland). 

Gasterosteus concinnus Richardson, ‘‘ Fauna Bor. America. iii, 57,” 
1836 (Saskatchawan and Mackenzie Rivers); Dekay, Nat. Hist. N. 
Y., 68, 1842 (Northern regions); Giinther, Cat. Fish. Brit. Mus., i, 
6, 1859 (copied). 

Pygosteus concinnus Jordan & Copeland, Checklist N. A. Fresh Water, 
Fish., 40, 1876; Jordan, Cat. Fresh Water Fish-N. A., 441, 1878 


(Name only). 
Gasterostea concinna Sauvage, Revision des Epinoches, 35, 1874 (Name ° 


only). 

Gasterosteus mainensis Storer, Boston Journal Nat. Sci., i, 465, 1837 
(Kennebec Co., Maine); Dekay, Nat. Hist. N. Y., 68, 1842 (copied); 
Giinther, Cat. Fish. Brit. Mus., i, 6, 1859 (copied); Sauvage, Revi- 
sion des Epinoches, 33, 1874 (copied). : 

Pygosteus mainensis Jordan & Copeland, Checklist N. A. Fresh Water 
Fish, 140, 1876 (Name only); Jordan, Cat. Fresh Water Fish N. A., 
441, 1878 (Name only). 
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Pygosteus occidentalis var. mainensis Jordan, Man. Vert., 248, 1876 
(Kennebec Riv.). 

Gasterosteus nebulosus Agassiz, Lake Superior, 310, plate iv, fig. 4, 1850 
(Lake Superior). 

Pygosteus nebulosus Jordan, Fish. Indiana, 31, 1874 (Lake Michigan); 
Jordan and Copeland, Checklist N. A. Fresh Water Fish., 140, 1876 
(Name only); Nelson, Bull. Ill. Lab. Nat. Hist., i, 42, 1877 (Lake 
Michigan). 

Pygosteus occidentalis var. nebulosus Jordan, Man. Vert., 248, 1874; 
Jordan, Bull. Ills. Lab. Nat. Hist., ii, 51, 1877 (Lake Michigan); 
Jordan, Cat. Fresh Water Fish. N. A., 441, 1878 (Name only). 

Gasterosteus dekayi Agassiz, ‘‘Lake Superior, 311,’’ 1850 (after Dekay); 
Putnam, ‘‘Proc. Essex Inst., 148, 155; Putnam, Bull. Mus. 
Comp. Zool. i, 11, 1863 ; Storer, Hist. Fish. Mass., 91, plate viii, fig. 
3, 1867 (Massachusetts). 

Pygosteus dekayi Gill, Cat, Fish. East Coast N. A., 39, 1861 (Name 
only). 

Gasterostea dekayi Sauvage, Revision des Epinoches, 31, 1874 (New 
York). 

Gasterostea blanchardi Sauvage, Revision des Epinoches, 32, 1874 
(New York); Bean, Proc. U. 8S. Nat. Mus., 1879, 31 (Boston). 


la. P. pungitius brachypoda. 
Gasterosteus pungitius brachypoda Bean, Bull. U. 8. Nat. Mus., xv, 
129, 1879 (Oosooadlin—Mountain Streams and Lakes); Bean, Proc. 
U. 8S. Nat. Mus., 1880, 77 (American Harbor); Bean, Arctic Cruise, 
118, 1881 (Elephant Point, near Icy,Cape); Bean, Proc. U. 8. Nat. 
Mus., 1881, 240 (St. Paul, Kodiak ; Unga Island, Shumagins ; Iliu- 
liuk Lake, Unalaska; St. Paul Island, Bering Sea; St. Michaels ; 
Port Clarence ; Elephant Point ; Eschscholtz Bay; Iey Cape, Arctic 
Ocean; Alaska; Bean, Proc. U. 8. Nat. Mus., 1881, 270 (Pacific 
South of Bering Strait); Jordan & Gilbert, Syn. N. A. Fish., 394, 
1888; Bean, Bull. U.S. Nat. Mus., xxi, 19, 1883 (St. Michaels, Alaska). 
pt Gasterosteus pungitius Stejneger, Proc. U. 8. Nat. Mus., 1883, 65 
(Commander Islands). ’ 


Habitat.—Shores of Northern Europe and Eastern America 
South to New York, also in the great Lakes and northward ; var. 
brachypoda in the North Pacific, the specimens examined by me 
are from Calumet Lake, Ills., and from Massachusetts. 

The synonomy of this species, as given above, needs a word of 
remark. 

The pungitivus of Walbaum is of course identical with the 
pungitius of Linneus. 

I cannot see that east coast specimens, representing the occv- 
dentalis of Cuvier and Valenciennes, and that of Dekay, differ 
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at all from descriptions of the Huropean pungitius, but I have 
had no specimens of the latter for direct comparison. I cannot, 
therefore, regard occidentalis as a separate species or variety. 
The dekayi of Agassiz is based on the occidentalis of Dekay ; 
I have therefore placed it also in the synonymy of pungitius. 

The mainensis of Storer is said to differ from pungitius only 
in having a “ bony serrated plate on the side.” This probably 
refers to the plate behind the pectorals. 

The concinnus of Richardson is said to differ in having seven 
dorsal spines, but as the number seems to vary from 7 to 11, this 
cannot be considered as a specific character. I have examined 
specimens from Calumet, R. Illinois (presumably representing 
the form called nebulosus). I can find no difference whatever 
between these and Massachusetts examples of pungitius. 

The var. brachypoda seems to differ from pungitius only in the 
shorter ventral spines. It is known to me only from the descrip- 
tion of Dr. Bean (above cited). 


2, EUCALIA. 
Hucalia Jordan, Man, Vert., ed. i, 248, 1876 (inconstans). 


This genus is closely allied to Pygosteus, agreeing with it in 
the structure of the gill membranes, but differing in having the 
‘dorsal spines few and non-divergent, and in having the innomi- 
nate bones more fully united. The species are the most feebly 
armed of the Sticklebacks. 


Analysis of Species of Hucalia. 


a. Body moderately robust, the caudal peduncle not very slender; 
depth 4 in length to base of caudal. Head pointed; 
mouth small, very oblique; maxillary reaching to anterior 
margin of eye; teeth small, stout, in a single series; 
eye large, much longer than snout. Caudal peduncle 
moderately compressed, 75 times in length to base of 
caudal. No bony dermal plates; skin naked; no post- 
opercular (suprascapular) plate ; post-pectoral plate covered 
by skin; skin of head not ossified. Lateral line beginning 
at upper angle of preopercle and curved to below fourth 
dorsal spine, from where it goes straight to middle of tail ; 
a second row of tubes is seen for a small distance along its 
origin. A patch of mucous pores at beginning of lateral 
line; a row along the edge of the preopercle and a C-shaped 
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row at nape. Dorsal spines about equal to one-half diame- 

ter of eye, the first just reaching base of second; these 

spines are recurved and slightly serrate on their edges ; 

the fifth spine is more recurved and higher than the others. 

Soft dorsal very high in front, its longest ray about equal 

to snout and half the orbit; the last ray equals half the 

orbit; caudal short and broad; anal inserted below inser- 

tion of second dorsal, similar to and coterminous with it. 

Pectorals short and broad, their length equal to their 

breadth at tips. Vertebre (cayuga),14+ 18. Brownish with 

lighter blotches and black points. Males in spring black, 
tinged with red on the jaws and snout. 

b. Ventral spines equal to = length of innominate bones; post- 

pectoral plate large, variable, mostly V-shaped. D. IV-I, 

105 ACT, FO: INCONSTANS. 2. 

bb. Ventral spines short, but longer than innominate bones ; 

post-pectoral smaller than in preceding, mostly {}-shaped. 


D. FV—1, 10; AT, 10: cayuga. 2 (a). 
bob. * D.- TIL or LV—L6s), AT, 6.” (0). pygmea. 2 (bd). 
2. EUCALIA. 


2. E. inconstans. 


Gasterosteus inconstans Kirkland, Boston Journal Nat. Hist., iii, 278, 
1841 (Trumbull Co., Ohio); Dekay, Nat. Hist. N. Y., 68, 1842 
(Name only); Cope, Proc. Acad. Nat. Sci. Phila., 1865, 81 (Suker- 
toppen, Greenland); Jordan & Gilbert, Syn. Fish. N. A., 394, 1883. 

Apeltes inconstans Jordan, Fish of Indiana, 31, 1874 (Northern 
Indiana), 

Eucalia inconstans Jordan, Man. Vert., ed. i, 249, 1876 (Name only); 
Jordan & Copeland, Checklist N. A. Fresh-water Fish, 141, 1876 
(Name only); Nelson, Bull. Ills. Tab. Nat. Hist., i, 42, 1876 (Copied); 
Jordan, Bull. Ills. Lab. Nat. Hist., ii, 58, 1877 (Small Streams of 
Northern Ills.); Jordan, Proc. Acad. Nat. Sci. Phila., 1877, 65 ; 
Jordan, Cat. Fresh-water Fish N. A., 441, 1878 (Name only); Forbes, 
Bull. Ills. Lab. Nat. Hist., iii, 68, 1880 (Northern Ills.). 

Gasterosteus micropus Cope, Proc. Acad. Nat. Sci. Phila., 1865, 81 
(Fort Riley, Kansas); Sauvage, Revision des Epinoches, 28, 1874 
(Copied). 

Eucalia micropus Jordan & Copeland, Checklist N. A. Fresh-water 
Fish, 141, 1876 (Kansas). 

Gasterosteus globiceps Sauvage, Revision des Epinoches, 35, 1874 
(North America). 

Eucalia inconstans, var. pygmea Jordan, Geol, Report Ohio, 998, 1882 
(Central Ohio ; Trib. of Great Lakes). 


1886.] NATURAL SCIENCES OF PHILADELPHIA. 239 


2a. E, inconstans cayuga. 
Eucalia inconstans, var. cayuga Jordan, Man. Vert., ed. i, 249, 1876 
(Cayuga Lake) ; Jordan & Copeland, Checklist N. A. Fresh-water 
Fish, 141, 1876 (Name only); Jordan, Geol. Report Ohio, 998, 1882. 


2b, E. inconstans pygmea. 
Gasterosteus pygmeus Agassiz, Lake Superior, 314, 1850 (Lake 
Superior). 
Eucalia inconstans, var. pyymea Jordan, Man. Vert,, ed. i, 249, 1876 
(Copied); Jordan & Copeland, Checklist N. A. Fresh-water Fish, 
141, 1876 (Name only); Nelson, Bull. Ills. Lab. Nat. Hist., i, 42, 
1876 (Lake Michigan). 


Habitat.—Fresh waters of North America, from Kansas and 
Great Lake region northward to Greenland. Var. cayuga in 
tributaries of Lake Ontario. Var. pygmzus in Great Lakes. 

The specimens of the typical 7nconstans examined by me are 
from Rock River, [ilinois. 

Those of the var. cayuga are from Syracuse, New York. 

The micropus of Cope would seem to differ in its shape, being 
shorter and deeper, and in having a smaller post-pectoral plate 
and ventral spines. All of these characters are of doubtful per- 
manence. 

The globiceps of Sauvage offers no peculiar characters. 

The var. cayuga seems to differ from inconstans in having 
longer ventral spines and smaller post-pectoral plates ; it is per- 
haps identical with it. 

The pygmexa of Agassiz is said to differ from inconstans in 
having the body shorter and deeper, and in the number of fin 
rays. The difference in form is of no importance, and it is not 
likely that the alleged difference in the fin rays is real. 


3. GASTEROSTEUS. 


Gasterosteus Artedi, Gen. Pisc., 52, 1738. 

Gasterosteus Linneus, Syst. Nat. Ed. x, i, 295, 1758 (aculeatus). 

Gasteracanthus Pallas, ‘‘Zoogr. Rosso. Asiatica, iii, 228,’? 1811 (cata- 
pharactus). 

Leiurus Swainson, Nat. Hist. Class Fishes, ii, 242, 1889 (gymnurus, etc.). 


This genus is distinguished from Pygosteus and eucalia in hav- 
ing the posterior margin of the gill membrane joined to the isth- 
mus. The body is more robust; the spines and innominate bones 
much stronger; the pubic bones very broad and little divergent. 
Its species are the strongest of the sticklebacks and the most 
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fully armed. All of them are very variable and very closely 
related one to another. The species with the bony plates most 
developed are most marine in their habit, while the partly or 
wholly naked forms seem rather to inhabit the rivers. It may 
be that a complete gradation exists from the fully armed aculeatus 
to the naked williamsoni, in which case all these forms should 
be regarded as varieties of aculeatus. All northern regions seem 
to possess full mailed species (aculeatus and vars.) and half 
mailed species (allies of gymnurus). The former type seems 
identical on both sides of the Atlantic, but the latter type so far 
as our specimens can show seems to be different in America from 
any described in Europe. 


Analysis of Species of Gasterosteus. 


a. Sides entirely covered with (28 to 30) bony dermal plates. 
Caudal peduncle keeled; ventral spines each with a large 
cusp on outer edge of base. Bones of head striate, the 
skin ossified. Mouth large, little oblique; maxillary not 
reaching front of eye; teeth small, in a single series in lower 
and double series in upper jaw. The anterior plates are 
joined above to the large bony plates at base of spines; the 
posterior plates are separated from the small plates at bases 
of soft dorsal and anal by narrow naked strips. Lateral line 
high up, parallel with outline of back and along middle of cau- 
dal peduncle, which is strongly keeled. Dorsal spines serrate 
on their edges. Origin of soft dorsal far in advance of origin 
of anal. Caudal lunate; anal spine recurved, smaller than 
third dorsal spine, the fin similar to soft dorsal. Ventrals 
long and slender, serrate. Pectorals narrow. D.I-I-I, 11 
te 135 A,1,) or 10. 


b. Body moderately robust, the depth 43 in length. 
ACULEATUS. 3. 


bb. Body deeper and stronger; caudal keel very strong. 
cataphractus. 3. (a.) 
aa. Sides partly covered with (2 to 15) bony dermal plates, the 
posterior part of the body naked. Ventral spines with or 
without cusp at base. 

c. Sides with 15 bony plates; caudal peduncle keeled; body 
slender; ventral spine long, almost or quite reaching vent ; 
dorsal spines ina straight line. Head 3} in length to base 
of caudal; depth 5. D.I-I-I,11; A.1,8. Silvery below 
with dark bands across the body (Bean). ATKINSII. 4, 
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ce. Sides with 2 to 6 bony dermal plates; caudal peduncle 
keeled or not. 
d. Ventral spine without cusp at base. 

e. Dermal plates 4 to 6; body stout, little compressed ; head 
large, flat above, a small knobat occiput. Mouth large, 
maxillary almost reaching front of orbit. Teeth in broad 
bands in front. From occiput, two rows of mucous pores 
diverge to posterior borders of eye, extending thence 
parallel with the orbit to above nasal opening forming an 
arrow-shaped figure. Plates on sides imbedded, thin; 
striate ; the last one immediately in front of second dor- 
sal spine. Post-pectoral plate striate q-shaped. Scapula 
forming a striate post-opercular plate. Caudal peduncle 
very thick toa point immediately in front of caudal 
where it is much compressed. Innominate bones and 
ventrals varying much in relative length, so that in some 
Specimens the one is the longer in others the other. 
Dorsal spines short, straight, broad at base, serrate on 
outer edges. First spine about 2 in eye, third very 
small. Caudal slightly lunate. Anal inserted under 
fifth dorsal ray, coterminous with the dorsal. Ventrals 
coarsely serrate on outer and finely on inner edges. 
Pectorals broad and short, fan-shaped. D. I-I-I, 11 to 
13; A.1,9. Olivaceous, silvery below, thickly punctu- 
late. MIcRocEPHALUS. 5. 

ee. Dermal plates on side 2 or 3, strong, not imbedded. Mouth 

large, maxillary reaching to below front of orbit. Mu- 
cous poresnone. Scapula forminga post-opercular plate. 
All bones thicker and stronger than in microcephalus. 
Caudal peduncle compressed for its whole length. 
D. I-I-I, 10 to 12; A. 1, 8. WHEATLANDI. 6. 
dd. Ventral spines each with a distinct cusp at base. Lower jaw 
the longer. Teeth in lower jaw stronger than in upper. 
Diameter of orbit 35in head. Sides with 7 plates. In- 
nominate bones almost reaching vent. Caudal peduncle 
witha membranous carina. Caudal finforked. Ventral 
2 in. finely serrate. PectoralSin. Length of specimen 
24. D.I-I-I,12; A.1,8. Uniformly grayish on back, 

head and posterior halfof body ; abdomen yellowish. 
DiIMIpIATUS. 1. 
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aaa. Sides entirely naked; no bony dermal plates; caudal pe- 
duncle not keeled. Tip of first dorsal spine not reach- 
ing second. Head 3 in length to base of caudal. Depth 
5 in total length. D.I-I-I-1,10; A.1,7. Olivaceous 
brown, darker above; sides spotted with black; belly 
yellowish. WILLIAMSONI. 8. 


3. GASTEROSTEUS. 
3. G. aculeatus. 

Gasterosteus in dorso tribus. Artedi, Gen. Pisc., 52, 17388 (Europe); 
Pennant, Arctic Zool., ii, 8385, 1792 (No description). 

Gasterosteus aculeatus Linnzeus, Syst. Nat. Ed. X, i, 295, 1758 (after 
Artedi); Fabricius, ‘‘ Fauna Groenlandica,’’ 169, 1780 (Greenland); 
Bloch, Syst. Nat., plate 53, fig. 3; Richardson, Fauna Bor. America, 
55, 1836; Gill, Cat. Fish. East Coast N. A., 39, 1861 (Name only); 
Gill, Cat. Fish. East Coast N. A., 16, 1873 (Name only); Sauvage, 
Revision des Epinoches, 9, 1874 (Bonneville, near Caen); Jordan, Cat. 
Fresh Water Fish. N. A., 442, 1878 (Name only); Goode & Bean, 
Fish. Essex Co. Mass. Bay, 5, 1879 (Essex Co.); Bean, Proc. U.S. 
Nat. Mus., 1880,.'77 (Woods Holl, Wilmington, Del.); Jordan & Gil- 
bert, Syn. Fish. N. A., 395, 1883 (East Coast); Stearns, Proc. U. 8. 
Nat. Mus., 18838, 123 (Labrador). 

Gasterosteus bispinosus Walbaum, Artedi Ichth., 450, 1792 (after Pen- 
nant). 

Gasterosteus biaculeatus Shaw, Zool., iv, 608, 1839 (after Pennant); 
Mitchill, Trans. Lit. and Phil. Soc., 430, 1814 (Salt Water at New 
York); Dekay, Nat. Hist. N. Y., 65, plate iii, fig. 8, 1842 (New 
York); Storer, Syn. Fish. N. A., 63, 1846; H. R. Storer, Fish. 
Labrador, 260, 1849 (Brooks emptying into Gut of Canso); Gill, Cat. 
Fish. East Coast N. A., 39, 1861 (Name only); Putnam, Bull. Mus. 
Comp. Zool., 11, 1863; Storer, Hist. Fish. Mass., 87, plate viii, fig. 
213, 1867. 

Gasterosteus noveboracensis Cuvier & Valenciennes, Hist. Nat. Pois- 
sons, iv, 502, 1829 (New York); Storer, Rept. Fish. Mass., 30, 1839 
(Massachusetts); Ayres, Fish. Brookhaven, Long Island, 259, 1842 
(Old Man’s Harbor, Storer, Syn’ Fish, N. A., 63, 1846; Gill, Cat. 
Fish. East Coast N. A., 16, 1873 (Name only); Sauvage, Revision 
des Epinoches, 11, 1874 (New York, Newfoundland, Boston); Jor- 
dan, Man. Vert., Ed. i, 250, 1876 (Name only); Goode, Bull. U. 8. 
Nat. Mus., xiv, 53, 1879 (Name only). f 

Gasterosteus aculeatus var. noveboracensts Giinther, Cat. Fish. Brit. 
Mus., i, 4, 1859 (Greenland). 

Gasterosteus niger Cuvier, Regne Animal, 76, 1829 (Based on biaculeatus 
of Mitchill); Cuvier & Valenciennes, Hist. Nat. Poissons, iv, 503, 
1829 (Newfoundland); Dekay, Nat. Hist. N. Y., 68, 1842 (New- 
foundland); Storer, Syn. Fish. N. A., 63, 1846; Gill, Cat. Fish. 
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East Coast N. A., 39, 1861 (Name only); Sauvage, Revision des 
Epinoches, 13, 1874 (Newfoundland); Jordan, Cat. Fresh Water 
Fish. N. A., 442, 1878 (Name only). 

Gasterosteus trachurus Cuvier, Régne Animal, 76, 1829 (Based in part 
on Bloch); Storer, Syn. Fish. N. A., 62, 1846. 

Gasterosteus loricatus Reinhardt, Groen. Fauna, 37, 1837 (Greenland); 
Reinhardt, ‘‘Kong. Danske. Vidensk. Selsk. Nat. Math. Afh., vii, 
114,” 1838 ; Sauvage, Revision des Epinoches, 12, 1874 (Newfound- 
land). 

Gasterosteus neoboracensis Dekay, Nat. Hist. N. Y., 66, plate vi, fig. 
17, 1842 (New York). 

Gasterosteus dekayt Ayres, Proc. Ac. Nat. Sci. Cal. (based on biacule- 
atus of Dekay). 

Gasterosteus suppositus Sauvage, Revision des Epinoches, 11, 1884 
(after Dekay). 


3. G. aculeatus cataphractus. 


Gasteracanthus cataphractus Pallas, ‘‘Mem. Acad. Petersb., iii, 825,” 
1811. 

Gasterosteus cataphractus Bean, Proc. U. 8. Nat. Mus. 1881, 239 
(Kodiak, Cook’s Inlet, Sitka, Port Mulgrave, Shumagins, Unalaska, 
Amcehitka, Kyska Harbor, St. Paul, Bering Sea near Bering Isl.); 
Bean, Proc. U. 8. Nat. Mus., 1881, 270 (Pacific South of Bering 
Strait, Puget Sound, San Francisco); Stejneger, Proc. U. 8. Nat. 
Mus., 1883, 65 (Commander Island); Bean, Proc. U. 8. Nat. Mus., 
1883, 353 (Duncan’s Bay, Brit. Col.); Bean, Cat. Fish. in Internat. 
Fish. Exhib. London, 19, 1883 (St. Paul Isl.). 

Gasterosteus aculeatus var. cataphractus Jordan & Jouy, Proc. U. 8. 
Nat. Mus., 1881, 1 (Puget Sound); Jordan & Gilbert, Proc. U. 8. 
Nat. Mus., 1881, 69 (San Francisco to Alaska). 

Gasterosteus aculeatus subsp. cataphractus Jordan & Gilbert, Syn. Fish. 
N. A., 396, 1883 (West Coast). 

Gasterosteus obolarius Cuvier & Valenciennes, Hist. Nat. Poissons, iv, 
500, 1829 (Kamtschatka); Sauvage, Revision des Epinoches, 12, 

* 1874 (Name only). 

Gasterosteus insculptus Richardson, Last Arctic Voy., 10, plate xxv, 
fig. 1, 2, 8, 1854 (Northumberland and Puget Sound); Bean, Bull. 
U. 8. Nat. Mus., xv, 129, 1879 (Northumberland Sound): 

Gasterosteus serratus Ayres, Proc. Cal. Acad. Nat. Sci., 1855, 47 (San 
Francisco); Girard, Pacific R. R. Survey, 88, 1859 (Shoal Water 
Bay: San Francisco); Sauvage, Revision des Epinoches, 13, 1874 
(San Francisco Bay); Jordan, Cat. Fresh Water Fish. N. A., 442, 
1878 (Name only); Jordan & Gilbert, Proc. U.S. Nat. Mus. 1880, 
452 (Puget Sound, San Francisco); Jordan & Jouy, Proc. U. S. 
Nat. Mus., 1881, 1 (Foot note). 
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Gasterosteus intermedius Girard, Proc. Acad. Nat. Sci. Phila., 1856, 185 ; 
Girard, Pacific R. R. Survey, 89, 1859 (Cape Flattery); Jordan, Cat. 
Fresh-water Fish N. A., 442, 1878 (Name only). 


Habitat.—Northern Atlantic Coast of both Continents. Var. 
cataphractus is found on the West Coast of North America, from 
San Francisco to Alaska and Kamtschatka. 

This species differs from the others in having the whole sides 
covered with (28-30) bony plates. 

The biaculeatus of Mitchill possesses the (33) plates charac- 
izing the aculeatus and otherwise agrees with the latter; the 
slight variation in the number of lateral plates may perhaps 
arise from a different manner of counting them. 

The bispinosus of Walbaum and biaculeatus of Shaw are alike 
based on Pennant. The description given by the latter author is 
of very little importance, but the probabilities all favor that the 
species he had in mind was Gasterosteus aculeatus. 

The noveboracensis of Cuvier and Valenciennes is said to 
differ from aculeatus in the position of the lateral line and in the 
stronger caudal keel. Neither of these features is likely to be 
of specific value, and I therefore place it in the synonymy of 
aculeatus. 

The niger of Cuvier is based on the biaculeatus of Mitchill, 
which is aculeatus. The trachurus of the same author has the 
sides completely covered with plates, and is, of course, the 
ordinary European form of aculeatus. 

The swppositus of Sauvage is a supposed new species described 
by Dekay as neoboracensis, but the neoboracensis of Dekay is 
identical with the noveboracensis of Cuvier and Valenciennes, 
and suppositus is therefore a synonym of aculeatus. The figure 
of Dekay has lateral plates extending from the post-pectoral 
plate to the caudal, but as this differs from the nature of the 
armature of this group, and as Dekay does not mention the 
naked area about the ventral region and gives the number of the 
plates as 30 to 33, these discrepancies must be due to a mistake 
of the artist. 

The Gasterosteus texanus of Sauvage is somewhat different. 
It has eleven plates extending to the second ray of the soft 
dorsal; thence to the last ray, the body is naked, the peduncle 
being again mailed and strongly keeled. As no sticklebacks 
are found much south of the Great Lake region, it is very prob- 
able that the type of G. fexanus did not come from Texas. At 
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present I place texanus in the synonymy of aculeatus, the pecu- 
liarities above mentioned being perhaps due to mutilation. 

The many specimens examined by me are from Wilmington, 
Delaware, and from Woods Holl, Massachusetts. 

The var. cataphractus differs from aculeatus in its deeper and 
shorter form. Northern specimens are larger and more robust 
than those found further south, and it is not likely that with a large 
series any tangible permanent differences could be maintained. 

The names cataphractus and obolarius were given to Alaskan 
specimens; the insculptus from the Arctic is not essentially 
different, and the serratus of Ayres and intermedius of Girard, 
from further south, are also certainly the same. 

The large collections made by Jordan and Gilbert of the West 
Coast of the U.S., show conclusively that not more than two 
distinct forms of Sticklebacks, cataphractus and microcephalus, 
exist on that coast. 


4. Gasterosteus atkinsii. 
Gasterosteus atkinsii Bean, Proc. U. 8. Nat. Mus., 1879, 67 (Schoodic 
Lakes); Jordan & Gilbert, Syn. Fish. N. A., 395, 1882 (Copied). 

Habitat.—Schoodic Lakes, Maine. 

This species is characterized by the presence of 15 lateral 
plates; it is therefore intermediate between the full armed 
aculeatus and the partly mailed gymnurus, etc. The species is 
known to me from the description of Bean (loc. cit.). This 
glescription indicates some aflinity with the Huropean Gusteros- 
teus semiarmatus, which has also 14 (12 to 15) plates. 


5. Gasterosteus microcephalus. 


Gasterosteus microcephalus Girard, Proc. Ac. Nat. Sci. Phila., 1854, 
133 ; Girard, Pacific R. R. Survey, 91, 1859 (Tulare Valley); Sau- 
vage, Revision des Epinoches, 22, 1874 (Tulare Valley); Jordan, Cat. 
Fresh-water Fish N. A., 442, 1878 (Name only); Jordan & Gilbert, 
Proc. U. 8. Nat. Mus., 1880, 453 (Puget Sound; San Francisco ; 
Monterey Bay ; San Pedro); Jordan & Jouy, Proc. U. S. Nat. Mus., 
1881, 1 (San Francisco); Jordan & Gilbert, Proc. U. 8. Nat. Mus., 
1881, 69 (Los Angeles to Puget Sound); Bean, Proc. U.S. Nat. 
Mus., 1881, 240 (Piseco Lake, Sitka; St. Paul, Kodiak; Chirikoff 
Isl. ; Iliuliuk Unalaska); Bean, Proc. U. §. Nat. Mus., 1881, 270 
(Pacific, south of Bering Strait; Puget Sound; San Francisco); 
Jordan & Gilbert, Syn. Fish. N. A., 395, 1882; Rosa Smith, Proc. 
U.S. Nat. Mus., 1883, 217 (Name only); Rosa Smith, Proc. U. S. 
Nat. Mus., 1883, 233 (Todos Santos Bay); Bean, Proc. U.S. Nat. 
Mus., 1883, 353 (Mountain Lake, Alaska); Bean, Cat. Fish. in 
Internat. Fish. Ex, London, 19, 1883 (St. Paul, Kodiak), 
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Gasterosteus plebeius Girard, ‘‘ Proc. Ac. Nat. Sci. Phila. 1854, 147 ;’’ 
Girard, Pacific R. R. Survey, 86, 1859 (San Francisco ; San José ; 
Petaluma) ; Sauvage, Revision des Epinoches, 18, 1874 (Petaluma) ; 
Jordan, Cat. Fresh-water Fish. N. A., 442, 1878 (Name only). 

Gasterosteus tnopinatus Girard, ‘‘ Proc. Ac. Nat. Sci. Phila., 1854, 147;” 
Girard, Pacific R. R. Survey, 90, 1859 (Presidio); Sauvage, Revision 
des Epinoches, 19, plate i, fig. 4, 1874 (Presidio Creek, Cal.); 
Jordan, Cat. Fresh-water Fish N. A., 442, 1878 (Name only). 

Gasterosteus pugetti Girard, ‘‘ Proc. Ac. Nat. Sci. Phila., 1856, 135 ;” 
Girard, Pacific R. R. Survey, 92 and 354, 1859 (Puget Sound); 
Jordan, Cat. Fresh-water Fish N. A., 442, 1878 (Name only). 

Habitat.—Pacifie Coast North America, from Bering Strait 
south to Todos Santos Bay. Ascends rivers. 

This species differs from dimidiatus in having no cusp at base of 
ventrals and no caudal keel; it differs from wheatlandz in having 
all its bones much weaker and in the arrangement of the mucous 
pores about the head. 

The collection of Jordan and Gilbert shows that all naked- 
tailed Sticklebacks (microcephalus, plebeius, inopinatus and 
pugetti) belong to one species. 

It is possible, as several writers have affirmed, that all these 
naked-tailed Sticklebacks (gymnurus, microcephalus, wheatlandt, 
williamsoni) are simple varieties of the ordinary G. aculeatus. 
It seems to me that the peculiarities of the Californian form are 
so constant that we may regard this one at least as presenting 
a distinct species. Of G. wheatlandi and gymnurus I am not so 
certain, but I have not yet seen any distinctly intermediate 
forms, although all these types, like all other Sticklebacks, are 
subject to much individual variation. The characters given in 
the analysis above are to be regarded as simply provisional, as 
representing the differences shown by the material at my disposal. 

The specimens examined by me are from San Diego, Cal. 

6. Gasterosteus wheatlandi. 

Gasterosteus wheatlandi Putnam, ‘Proc. Essex Inst., v. 4, 18675” 
Storer, Hist. Fish. Mass., 254, 1867 (Nahant). 

Gasterosteus trachurus Goode & Bean, Fishes of Essex Co. and Mass. 
Bay, 5, 1879 (Nahant, not G. trachurus of Cuvier). 

Habitat—East Coast United States, northward. 

This species differs from G. microcephalus in having stronger 
surface bones, no mucous pores about the head, and the caudal 
peduncle compressed. 

The specimens examined by me are from the coast of Massa- 


chusetts. 
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7. Gasterosteus dimidiatus. 

Gasterosteus biaculeatus Cuvier & Valenciennes, Hist. Nat Poissons, 
iv, 503, 1829 (Newfoundland, not G@. biaculeatus of Shaw); Giinther, 
Cat. Fish. Brit. Mus., i, 5. 1859 (Coast Newfoundland and Labra- 
dor); Gill, Cat. Fish. East Coast N. A., 16, 1873 (Name only); 
Sauvage, Revision des Epinoches, 21, 1874 (Newfoundland); Jordan, 
Cat. Fish. N. A., 442, 1878 (Name only); Jordan & Gilbert, Syn. 
Fish. N. A., 395, 1883; Stearns, Proc. U.S. Nat. Mus., 1883, 123 
(Labrador). 

Gasterosteus dimidiatus Reinhardt, Groen. Faun. 37, 1837 (Greenland); 
Reinhardt, ‘‘ Kong. Dansk. Vidensk. Selsk. Nat. og. Math. Afhand. 
vii, 193,”’ 1838; Sauvage, Revision des Epinoches, 28, 1874 (Name 
only). 

Gasterosteus aculeatus var. dimidiatus Gill, Cat. Fish. East Coast N. 
A., 39, 1861 (Name only). 

Gasterosteus cuviert (Girard MSS.) Storer, H. R. Fish. Nova Scotia and 
Labrador, 254, plate vii, fig. 1, 1849 (Bras d’Or, Red Bay). 


Habitat.—East Coast North America, northward. 

This species differs from its nearest relations in having a cusp 
at the base of the ventrals and a fleshy caudal carina. 

The name biaculeatus cannot be retained for this species, as it 
was originally based on a description of Pennant which appar- 
ently refers to G. aculeatus. 

I have examined no specimens of this species, and I am not 
sure that it differs in any important respect from the naked tailed 
sticklebacks (G. gymnurus Cuvier = G. leiurus Cuy. and Val.) 
of Europe. 


8. Gasterosteus williamsoni. 

Gasterosteus williamsoni Girard, ‘“‘ Proce. Acad. Nat. Sci. Phila., 133,” 
1854 (Williamson Pass); Girard, Pacific R. R. Survey, 93, 1859 
(Williamson Pass); Sauvage, Revision des Epinoches, 25, 1874; 
Jordan, Cat. Fresh Water Fish. N. A., 441, 1878; Jordan & Gilbert, 
Syn. Fish. N. A., 393, 1883; Rosa Smith, Proc. U. S. Nat. Mus., 
1883, 217 (Artesian well at San Bernardino). 

Eucalia wiliamsoni Jordan & Copeland, Checklist Fresh Water Fish. 
N. A., 141, 1876. 

Habitat.—Streams of California. 

This species differs from the other species of this genus in 
having no lateral plates. Miss Rosa Smith records one from an 
artesian well in California and pronounces it a true Gasterosteus 
and not a Hucalia. 

The species is known to me from Girard’s description in the 
Pacific R. R. Survey, and from the account given by Miss Smith. 
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4. APELTES. 

Apeltes Dekay, Nat. Hist. N. Y., 67, 1842 (guadracus no description). 

Apeltes Jordan, Man. Vert., 249, 1876 (Characterized). 

This genus is distinguished by the form and position of the 
innominate bones, these being separated and forming subdermal 
spines on the outer edges of the abdomen. The pubic bones are 
small and weak, not visible on surface. It is a more sharply de- 
fined group than Hucalia or Pygosteus and its single species has 
shown no important variation. 

Analysis of Species of Apeltes. 

a. Trunk oblong; head pointed; caudal peduncle slender, not 
keeled. Mouth small, horizontal; maxillary not reaching 
to eye; teeth slender, in a single series. No bony dermal 
plates along sides. Scapula forming a small granulated post- 
opercular plate. Innominate bones wide apart; the area 
between them flat so that a section of the fish is triangular. 
Gill membrane broadly united to the isthmus. Free dorsal 
spines divergent. The spines slender, pointed, slightly 
serrate. Distance between first and third spine much less 
than that between third and fourth; the first extending 
beyond base of third. Caudal long, narrow; anal similar 
to soft dorsal and coterminous with it; its spine under third 
ray of dorsal. Ventral spines strong, subterete; serrate on 
both edges and covered by skin to near tip. When ventral 
spines are set they point almost sidewise, when depressed 
they lie along inside of innominate bones. QUADRACUS. 9. 

9. Apeltes quadracus. 

Gasterosteus quadracus Mitchill, Trans. Lit. and Phil. Soc., i, 480, 1814; 
Cuvier & Valenciennes, iv, 504. 1829 (Newfoundland) ; Storer, Rept. 
Fishes Mass., 31, 1889 (Salem); Dekay, Nat. Hist. N. Y., 67, plate vi, 
fig. 18, 1842 (New York); Storer, Syn., 63, 1846; Baird, Fish. of N. 
Jersey Coast, 14, 1855 (Salt Ponds of New Jersey); Storer, ‘‘ Mem. 
Am. Ac. New Series, ii, 315 ;’’ Storer, Fish. Mass., 89, plate viii, fig. 
4, 1867 (Massachusetts); Giinther, Cat, Fish. Brit. Mus., i, 7, 1859 
(copied); Sauvage, Revision des Epinoches, 27, 1874 (copied). 

Apeltes quadracus Putnam, ‘‘ Proc. Essex Inst., 1855, 148,”’ Brevoort in 
Gill’s Cat. Fish. East Coast N. A., 29, 1861 (Name only); Gill, Cat. 
Fish. East Coast N. A., 16, 1873 (Name only); Jordan, Man. Vert. 
Ed., i, 249, 1876 (copied); Jordan & Copeland, Checklist Fresh Water 
Fish. N. A., 141, 1876 (East Coast); Jordan, Cat. Fresh Water Fish. 
N. A., 441, 1878 (Name only); Goode & Bean, Fish. Essex Co. and 
Mass. Bay, 5, 1879 (Salem and vicinity); Goode, Bull, U. 8. Nat. 
Mus., xiv, 54, 1879 (Name only); Goode, Bnll. U. 8. Nat. Mus., xxi, 
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31, 1880 (Name only); Bean. Proc. U. 8. Nat. Mus., 1880, 77 (Woods 
Holl, Noank); Jordan & Gilbert, Syn. Fish. N. A., 396, 1883. 

Gasterosteus apeltes Cuvier & Valenciennes, Hist. Nat. des Poiss., iv, 
505, 1829 (No locality); Storer, Rept. Fish. Mass., 31, 1839 (Salem); 
Sauvage, Revision des Epinoches, 26, plate i, fig. 138, 1874 (New 
otk): 

Gasterosteus millepunctatus Ayres, Boston Journ. Nat. Hist., 259 and 
294, 1842 (Old Man’s Harbor); Brevoort in Gill’s Cat. Fish., East 
Coast N. A., 39, 1861 (Name only); Sauvage, Revision des Epinoches, 
27, 1874 (copied). 

Habitat.—Atlantic Coast of North America; Northward. 

This species is easily distinguished by the separation of the 
innominate bones and by the four divergent dorsal spines. 

The apeltes of Cuvier and Valenciennes does not differ from 
the quadracus of Mitchill. 

The millipunctatus of Ayres is also identical with the quadra- 
cus of Mitchill. 

The numerous specimens examined by me are from Woods 
Holl, Massachusetts. 

5. SPINACHIA. 

Spinachia Fleming, ‘‘ Hist. Brit. Animals, 219,’’ 1828 (spinachia). 
Polycanthus Swainson, Fishes 175 and 242, 1839 (spinachia). 
Gastrwa Sauvage, Revision des Epinoches, 7, 1876 (spinachia). 


This genus differs from the others in the prolongation of the 
snout which approaches in form the snout of Aulorhynchus and 


Fistularia. The innominate bones are as in Apeltes; there are 
about 15 free dorsal spines. 


Analysis of the Species of Spinachia. 


a. Snout prolonged ; dorsal spines about 15; dermal plates, 40; 
depth 10 in length; head about 4; a carina running entire 
length of lateral line ; body five-sided ; tail four-sided. Ver- 
tebre 18+ 23; D. XV, 6 or 7; ventral, i, 2; A. I, 6 or 7. 

Spinachia. 10. 


10. Spinachia spinachia, 
Gasterosteus spinachia Linneus, Syst. Nat. Ed. X., 296, 1758 (based on 
Artedi) (and of authors generally). 
Gastrea spinachia Sauvage, Revision des Epinoches, 36, 1876 (New- 
foundland), 


Habitat.—N orth Atlantic on both continents. 
This species has been but once ascribed to America. Sauvage 
notes a specimen in the Museum at Paris which he said to be 
17 
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from Newfoundland. This record needs verification, and is prob- 


ably the result of an error in labeling. 


CoMPARATIVE MEASUREMENTS IN HuNDREDS OF LENGTH TO BASE 


oF CAUDAL. 
i a : a | a 
oi 3) 1 2) opto 
2\)2/8i) 8 |3)/3 8 
a |S | & |e oie 
ela /s | 4°) eee 
Depth of Body. s: cn) ck =. 17 || 22 | 23 || 24 | 30} 26 || 32 
Caudal Peduncle, ae eis 18 || 16 | 16 12 | 10 | 14 || 20 
Length of Head, .. . 25 || 29 | 27 29 | 34 | 82 || 25 
Interorbital space, . 4\)|\45] 5 7 
Buoug Pets Pare 5 | 7 | 
Operculum, ... 10; 8 11 
Orbit, . Bi) 8 ad 7 8 |. 9 if 
First Dorsal Spine from Snout,. 27 || 32 | 29 36 | 42 | 40 || 30 
Height, . 468 . 6 || 6] 4 9 oye 
Antecedent Spine, ; ie ma) 3 
First ray, RAINS We TE abL 13 14 
apt raya AMD RU: & |. 2 
Anal from Snout, BS. ees GSO ie OS tao, 72 | 70 ; 70 || 58 
Height of Bpine POC yf oa ae lv|o7 2 21.8 
First ray, . oh eeitne Pete man Le 13 | 13 12 12 
Last ray, Sin oee: 
middlel2) 15 | 15 
Watildle, oe cof cam ies. us)” Yale 13 | 15 exten 16| 17 | 17 16 
Pectoral from Snout, . 30 | 31 36 39 | 38 || 29 
Length, .. iB idl fg! 20° (io. eee 
Ventral from Snout, 40 | 41 43 | 44 | 45 || 33 
Tencth, =.) iss) 6 9) Tr te -| Ta aie ere 
Innominate bones, . 12 5 17 
List or Nomrnat Spectres oF GASTEROSTEIDZH, ARRANGED IN 
CHRONOLOGICAL ORDER, WITH IDENTIFICATION. 
(Tenable Specific Names are in Italics.) 

Nominal Species. Date. Identification. 
Gasterosteus aculeatus Linnzus, 1758, Gastrosteus aculeatus. 
Gasterosteus pungitius Linneus, 1758, Pygosteus pungitius. 
Gasterosteus spinachia Linnzus, 1758, Spinachia spinachia. 


Gasterosteus pungitius Walbaum, 
Gasterosteus bispinosus Walbaum, 
Gasterosteus cataphractus Pallas, 


1792, 
1792, 
1811, 


Pygosteus pungitius. 
Gasterosteus aculeatus. 
Gasterosteus cataphractus. 
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Nominal Species. Date. Identification. 
Gasterosteus guadracus Mitchill, 1814, Apeltes quadracus. 
Gasterosteus niger Cuvier, 1829, Gasterosteus aculeatus. 
Gasterosteus trachurus Cuvier, 1829, Gasterosteus aculeatus. 


Gasterosteus obolarius Cuv. & Val., 1829, Gasterosteus cataphractus. 
Gasterosteus noveboracensis Cuv. & Val., 1829, Gasterosteus aculeatus. 
Gasterosteus biaculeatus Cuv. & Val. 1829, Gasterosteus dimidiatus. 


Gasterosteus apeltes Cuv. & Val. 1829, Apeltes quadracus. 
Gasterosteus occidentalis Cuy. & Val. 1829, Pygosteus pungitius. 
Gasterosteus concinnus Richardson, 1836, Pygosteus pungitius, 
Gasterosteus mainensis Storer, 1837, Pygosteus pungitius. 
Gasterosteus loricatus Reinhardt, 1837, Gasterosteus aculeatus. 
Gasterosteus dimitiatus Reinhardt, 1837, Gasterosteus dimidiatus. 
Gasterosteus biaculeatus Shaw, 1839, Gasterosteus aculeatus. 
Gasterosteus inconstans Kirtland, 1841, Eucalia inconstans. 
Gasterosteus millepunctatus Ayres, 1842, Apeltes quadracus. 
Gasterosteus cuvieri Girard, 1849, Gasterosteus dimidiatus. 
Gasterosteus nebulosus Agassiz, 1850, Pygosteus pungitius. 
Gasterosteus de kayi Agassiz, 1850, Pygosteus pungitius. 
Gasterosteus pygme@us Agassiz, 1850, Eucalia inconstans. 
Gasterosteus insculptus Richardson, 1854, Gasterosteus cataphractus. 
Gasterosteus microcephalus Girard, 1854, Gasterosteus microcephalus. 
Gasterosteus williamsoni Girard, 1854, Gasterosteus williamsoni. 
Gasterosteus plebeius Girard, 1854, Gasterosteus microcephalus. 
Gasterosteus inopinatus Girard, 1854, Gasterosteus microcephalus. 
Gasterosteus serratus Ayres, 1855, Gasterosteus cataphractus. 
Gasterosteus intermedius Girard, 1856, Gasterosteus cataphractus. 
Gasterosteus pugetti Girard, 1856, Gasterosteus microcephalus. 
Gasterosteus atkinsti Bean, 1859, Gasterosteus atkinsii. 
Gasterosteus micropus Cope, 1865, Eucalia inconstans. 
Gasterosteus wheatlandi Putnam, 1867, Gasterosteus wheatlandi. 
Gasterosteus suppositus Sauvage, 1874, Gasterosteus aculeatus. 
Gasterostea blanchardi Sauvage, 1874, Pygosteus pungitius. 
Gasterosteus globiceps Sauvage, 1874, Eucalia inconstans. 
Euealia cayuga Jordan, 1876, Eucalia cayuga. 
Gasterosteus trachurus Goode & Bean, 1879, Gasterosteus wheatlandi. 
Gasterosteus brachypoda Bean, 1879, Pygosteus brachypoda. 
RECAPITULATION. 


In this review I have admitted 10 species and 5 genera of Gas- 
terosteidx as valid. Below I give a list of the species. The gen- 
eral distribution of the species is indicated by the letters A. 
(America); E. (Europe); W. (West Coast of North America); P. 
(East Coast North America and Greenland); G. (Great Lake Re- 
gion and Northward); U. (Western Slope of Rocky Mountains). 
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Famity GASTEROSTEID. 


Genus 1. PYGOSTEUS Brevoort. 


1. Pygosteus pungitius Linneus (E. A.). (P. G.). 
la. Pygosteus pungitius brachypoda (W. U.). (Unknown to me). 


Genus 2. EUCALIA Jordan. 
2. Hucalia inconstans Kirtland (G. E). 
2a. EHucalia inconstans cayuga Jordan (G.). (Variety of doubtful value). 
2b. Hucalia inconstans pygmea Agassiz (Unknown to me; characters 
assigned perhaps erroneous). 


Genus 3. GASTEROSTEUS Linneus. 
3. Gasterosteus aculeatus (E. A.) (P.). 
3a. Gasterosteus aculeatus cataphractus Pallas (W.). (Variety of doubtful 
value). 

4, Gasterosteus atkinsiti Bean (P.). (Unknown to me; perhaps local var. 
of aculeatus). 

5. Gasterosteus microcephalus Girard (W.). (Possibly variety of aculeatus). 

6. Gasterosteus wheatlandi Putnam (P.). (Perhaps var. of aculeatus). 

7. Gasterosteus dimidiatus Reinhardt (P.). (Unknown to me; perhaps 
identical with G. gymnurus). 

8. Gasterosteus williamsoni Girard (U.). (Possibly an extreme variety of 
microcephalus or aculeatus). 


Genus 4. APELTES DeKay. 
9. Apeltes gquadracus Mitchill (P.). 


Genus 3. SPINACHIA Fleming. 
10. Spinachia spinachia Linneus (E. P.). (Probably not American), 
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May 4. 


Mr. Gro. W. Tryon, JR., in the chair. 


Twenty-eight persons present. 


The Railway Cutting at Gray’s Ferry Road.—Mr. AuBRey H. 
Smita remarked that the Schuylkill River, as is well known, 
makes a curve to the westward just below the U. S. Arsenal 
grounds, returning to its southwardly course at Harmar’s wharf, 
nearly a mile below. The new iron bridge of the Baltimore and 
Ohio R. R. Co. spans the river obliquely from the northern side 
of Bartram’s Garden to Harmar’s at the height of about 23 feet 
above tide. The tract of land half enclosed by the river is ele- 
vated about 50 feet above tide and is composed of the same 
diluvial gravels and clays which form the plain on which stands 
the old city of Philadelphia. 

The railroad proceeds from the bridge by a deep cut of half a 
mile transversely to the streets on the city plan northeastwardly 
to the low grounds on the river below the arsenal, thus forming 
a chord to the arc of the river bend. The cut is a deep one, as 
the railroad company was required by its agreement with the city 
to construct its line beneath Wharton Street and the Gray’s Ferry 
Road. 

Soon after leaving the bridge the cutting enters the plateau and 
is soon twenty-five or more feet deep. The excavation is through 
yellow clays and river gravels to the depth of about twenty-five 
feet. It then discloses a compact bed of dark blue clay, sharply 
defined under the gravel, apparently a river deposit. Its thick- 
ness is not exactly known but it exceeds six feet. This bed of 
blue clay extends from just beyond the Harmar house to the 
Gray’s Ferry Road, a distance of 500 or 600 yards. 

It is apparently thickest near the Harmar house, but thins out 
at the Gray’s Ferry Road, where the excavations show it to be 
only about four feet thick and to rest upon a bed of yellow gravel 
or sand. It does not appear at all northeast of the Gray’s Ferry 
Road. 

Some observations and inquiry in November, 1885, for organic 
remains resulted, so far as he was aware, only in showing that 
the blue clay contains numerous genera and species of diatoms 
and several species of recent woods. The observations on the 
diatoms are due to Professor Koenig. The gravels and clays 
above the blue clay were barren of all organic forms. The woods 
then obtained were apparently birch, maple or oak, and were 
neither mineralized or decomposed. They came from the dump 
heap where the excavated clay was deposited by the workmen, 
but are doubtless from the blue clay bed. 
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The specimen of wood exhibited to the Academy to-night is of 
some coniferous tree, probably a white cedar, Cupressus thyotides. 
This tree, until very recently, was common along the Schuylkill 
and Delaware, and isolated specimens may still exist there. The 
wood now shown is in no degree mineralized and but slightly 
decomposed. It came from a log which lies in the blue clay just 
north of the Wharton Street Bridge and is still to be seen there. 
No shells, so far as he knew, have been found in the excavation, 
but more careful search in this direction might be rewarded. 

The blue clay bed appears to mark one of the periods of quies- 
cence in the glacial action which, in its torrential course, scooped 
out the valleys of the Schuylkill and Delaware and afterwards 
filled them up again at the margin of tide-water. It harmonizes 
itself with similar beds which have been observed at several points 
along the shores of the rivers—notably at the Lazaretto and 
Printz Hall, Tinicum, and near Camden, N. J. 

There were probably several of these periods of comparative 
rest in the course of the retirement of the ice from northern 
Pennsylvania. 

The artesian well of Mr. Black, at Black’s Island, below Fort 
Mifflin, which is 456 feet deep, disclosed at the depth of 100 feet 
a bed of white beach sand 47 feet in thickness, as well as many 
of gravel and,clay. The decomposed gneiss rock was reached at 
the depth of 240 feet or thereabouts. 

Section of the strata of Black’s Island, Delaware River below 
Fort Mifflin, from the artesian well of E. N. Black, Esq.: 


Blue alluvium, . 2 C - : 2 45 feet. 
Sand, < - 4 q 4 . - As 
Blue alluvium, . = ° : 3 - Sbye 
Gravel, : : . 4 - ; . oe 
White clay, é : ‘ ; 4 A on es 
Beach sand, : : : : : AUT & 
Gravel, . : 5 . . - 10:24 
Clay, : 5 : 3 ° : é Oh pe 
Red gravel, . 5 c : z Giy ok 
White gravel and sand, 5 ° F : ee ary 2: 
Beach sand and gravel, . : : - ooo 
Decomposed gneiss Sem ol c - - 20) ts 
Gneiss rock, . ; . : os. 228k 

456 feet. 

May 11. 


The President, Dr. Lrrpy, in the chair. 
Twenty-two persons present. 
Fatal Cases of Trichiniasis.—The President read a letter from 


Mr. Evorne A. Rau, of Bethlehem, Pennsylvania, giving an ac- 
count of recent cases of fatal trichiniasis arising from imperfectly 
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cooked, measly pork, which had been eaten for a week from 
January 6,1886. The family consisted of a man and wife and 
two daughters, aged respectively five and thirteen years. The 
older daughter and the mother, aged 87 years, have died; the 
other members of the family, although affected, are recovering. 
In the mother, who died March 8, the deltoid muscle showed, 
under the microscope, three to nine; the rectus femoris, two to 
six, and the diaphragm, one to three trichine, in a field view 
about one-fifth of an inch in diameter. In the daughter, who 
died February 19, trichinze were found imbedded in the deltoid 
muscle, in some portions as many as forty-two being counted on 
the field of view under the microscope. No other portions of 
the daughter were examined, but the lungs, heart, liver, spleen 
and kidneys of the mother were found to be unaffected. 

The pork used was home-raised, and, according to the owner, 
the animal did not at any time show signs of ill health. An 
examination of two other hogs raised on the premises was made, 
but no trichinz were found. As usual in such cases, the meat 
was imperfectly cooked or fried, the tenderloin, sausage meat, 
spare ribs, etc., all being freely used. For several days while in 
water the human trichinze showed signs of life, coiling and 
uncoiling when freed from the muscular fibre, but the stage of 
development found in the pork showed no activity under the same 
conditions. The communication is accompanied by excellent 
photographs of portions of human muscle and of the affected 
pork, showing a number of the worms imbedded in the tissue. 


May 18. 
Mr. Gro. W. Tryon, JR., in the chair. 


Seventeen persons present. 


May 25. 
The President, Dr. Lrrpy, in the chair. 


Nineteen persons present. 
Charles P. Sherman was elected # member. 
The following was ordered to be printed :— 
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A REVISION OF THE AMERICAN SPECIES OF THE GENUS GERRES. 
BY BARTON W. EVERMANN AND SETH E. MEEK. 


In the summer of 1883 we published in the Proceedings of the 
Academy of Natural Sciences of Philadelphia, pp. 116 to 124, a 
“ Review of the Species of Gerres found in American Waters.” 
In December of the same year, Dr. Jordan made a large collection 
of the Atlantic species of this genus at Cedar Keys, Key West 
and Havana. A large portion of this collection is now in the 
Museum of the Indiana University, and constitutes the material 
upon which the present paper is based. 

The present collections contain numerous specimens of species 
not before examined by us, and, in the light of the new relation- 
ships which an examination of them discloses, we have thought 
it best to attempt an entire revision of the genus. We have 
therefore collected all the synonymy up to date, made an analyt- 
ical key by which the species can be determined, and given a 
detailed description of all the species now before us. To the 
account of the Pacific Coast species, as given in the former 
paper, we have now nothing to add, as the very extensive collec- 
tion of them studied by us has been since mostly destroyed by 
fire. 

We take this opportunity of acknowledging our indebtedness 
to Dr. Jordan for the use of his library, and for other aids. 


Genus GERRES Cuvier. 


Gerres Cuvier. Regne Animal, ed. 2, ii, 104, 1829 (rhombeus, etc.). 

Catochenum Cantor. Cat. Malayan Fishes, 55, 1850. (Proposed for 
Gerres Cuv., regarded by Cantor as preoccupied by Gerris Fabricius). 

Diapterus Ranzani. Nov. Comment. Acad. Bonom., 1841 (plumieri, etc.). 

Hucinostomus Baird and Girard. Ninth Smithsonian Report, 1855, 20 
(argenteus = gula). 

Synistius Gill. Proc. Acad. Nat. Sci. Phila., 1862, 238 (longirostris). 

Mojarra Poey. Enum. Pisce. Cub., 50, 1875 (rhombea = olisthostoma). 


Analysis of Species of Gerres. 


a. Preorbital and preopercle entire; body elongate, the depth 
23 to 4 in length to base of caudal (Hucinostomus Baird 
and Girard). 
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b. Premaxillary groove naked. 
ce. Anal rays II, 8; body very elongate, its depth 32 in its 
length; eye 2? in head. Lefroyi. 1. 
ec. Anal rays III, T. 
d. Premaxillary groove narrow, linear. 

e. Eye very large, its diameter much greater than length of 
snout, 22 in length of head. Exposed portion of 
maxillary small, triangular. Dowi. 2. 

ee. Eye small, more than 3 in head, its diameter about equal 
to length of snout. Exposed portion of maxillary 
triangular in front, oblong behind. 

f. Body elongate, the back little elevated; greatest depth 

3} to 34 in length. Anal spines small, the second 44 

in length of head. Pseudogula. 3. 

Sf. Body more compressed, deeper, the back more elevated ; 

greatest depth 22 in length. Anal spines larger, the 

second 34 in length of head. Gracilis. 4. 

dd. Premaxillary groove broad, oval, naked. Body elevated, 
compressed, its greatest depth 24 in its length. 

g. Caudal fin shorter than head, sides without dark ver- 
tical bars. Second anal spine short, 3 to 4 in head; 
ventrals short, little more than half the length of 
head, their tips not reaching vent; dark punctula- 
tions on body few or none; upper part of spinous 
dorsal becoming gradually blackish; other fins 
nearly plain; axil faintly dusky. Californiensis. 5. 

gg. Caudal fin longer than head. Sides with 7 to 9 dark 
bluish vertical bars, about as broad as pupil. Anal 
spines longer, the second 22 in length of head. 
Ventrals longer, 12 in length of head, scarcely 
reaching vent. Cinereus. 6. 

bb. Premaxillary groove scaled in front, forming a naked pit 
behind. Depth 22 in length; head 3 to 3} in length of 

body. Second anal spine about 34 in head. Gula. 1. 

aa. Preopercle distinctly entire. 
h. Preorbital entire; body without distinct dark streaks along 
the rows of scales. (Moharra Poey). 
t. Premaxillary groove broad, triangular or oval, and free from 
seales. 
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j. Body ovate, the outline somewhat regularly elliptical, 
depth 24 in length. Dorsal spines slender, but little 
flexible, the second scarcely stronger than the third, 2 in 
length of head. Second and third anal spines subequal, 
22 in length of head; second stronger than third. 

Aureolus. 8. 
jj. Body rhomboidal, short and deep, with angular outlines, 
the depth usually more than half the length ; spines long 
and slender. 
k. Anal rays III, 8; second dorsal spine ? or more length ot 
head ; second anal spine more than half length of head. 
Peruvianus. 9. 
kk. Anal rays II, 9; second dorsal spine about 4 length of 
head ; second anal spine 12 in length of head. 
Rhombeus. 10. 
a. Premaxillary groove broad, oval, and covered with scales 
(these sometimes deciduous in poorly preserved speci- 
mens). Anal rays III, 8; second dorsal spine 1} in head ; 
second anal spine 12 in head; teeth rather long and 
slender. Olisthostoma. 11. 
hh. Preorbital serrate, a distinct dark streak along each row of 
scales on back and sides; body rhomboidal, with angular 
outlines; spines very strong; anal rays III, 8 or 9. 
(Gerres). 
l. Ventrals blackish; upper margin of dorsal fin falcate ; 
depth 2% in length; scales 5-38-9. Brasilianus. 12. 
dl. Ventrals pale. 
m. Spines moderate, the second dorsal spine § to ? length 
of head. 
n. Pectorals long, reaching to front of anal; caudal 
longer than head; lateral stripes numerous; depth 
nearly 2 in length. Lineatus. 13. 
nn. Pectorals short, barely reaching vent ; caudal shorter 
than head; lateral stripes few; depth about 22 in 
length. Brevimanus. 14. 
mm. Spines very high, the second dorsal spine longer than 
head; second anal spine about equal to length of 
head ; lateral stripes very distinct, about 12 in num- 
ber; depth of body 2} in length. Plumieri. 15. 
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1. Gerres lefroyi. 

Diapterus lefroyt Goode, Amer. Jour, Sci. and Arts, 123, 1874 ; Goode, 
Bull. U. 8. Nat. Mus., 1876, 39 (Bermudas). 

Gerres lefroyt Giinther, Voyage Challenger, Fishes, 10, 1880 (name 
only); Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 118 ; 
Jordan, Proc. U. 8. Nat. Mus., 1884, 180 (Key West); Jordan and 
Swain, Proc. U. 8. Nat. Mus., 1884, 233 (Cedar Keys); Jordan, Cat. 
Fish. N. A., 1885, 95. 

Hucinostomus productus Poey, Enum. Pisce. Cub., 55, 1875 (Havana); 
Poey, Ann. Lyc. Nat. Hist. N. Y., 1876 (Havana). 

Habitat.— Atlantic coast of tropical America; West Indies; 
Bermudas; Cedar Keys; Key West; Havana. 

The specimens examined by us are from Havana (8 specimens), 
Key West (5 specimens), and Cedar Keys (1 specimen). In size 
they range from 2 to 84 inches in length. 

Head 32 to 34; depth 32; scales 5—47T-9. D. IX, 10. A. II, 8. 
Body elongate, elliptical, not very strongly compressed; back 
little elevated; snout conical, not much pointed; mouth small, 
end of maxillary reaching scarcely beyond vertical from anterior 
margin of orbit, its length 3 in length of head, exposed portion 
nearly triangular, its greatest width 2 in its length, which is 5 in 
length of head. Top of head flattish. Premaxillary groove long, 
linear and naked. Eye large, 2#in head; snout 34 in head, inter- 
orbital area 3 in head. Gill-rakers weak, small, 7 or 8 below the 
angle. Dorsal spines all weak and flexible, second and third sub- 
equal, 54 in length of head; upper margin of the fin concave. 
Second anal spine moderate, its length 4 in head. Least depth 
of caudal peduncle 32 in length of head. 

Color silvery, darker above, everywhere with fine dusky punc- 
tulations and traces of crossbars. Top of spinous dorsal black, 
dorsal, anal, and caudal dusky. Ventrals and pectorals paler, 
but with dusky punctulations ; axil dusky; a dark spot on supra- 
orbital ; snout dusky; no distinct stripes along rows of scales. 

In form, size and color, this species resembles G. dowi, but is 
readily distinguished from the latter by the presence of two anal 
spines instead of three. This character is apparently a constant 
one, observed in many specimens. 


2. Gerres dowi. 
Diapterus dowi Gill, Proc. Acad. Nat. Sci. Phila., 1863, 162 (Panama), 
Gerres dowi Giinther, Fish. Centr. Amer., 448, 1866 (Description taken 
from Gill); Steindachner, Ichth. Beitriige, iv, 18, 1875 (No descrip- 
tion), (Callao, Peru ; Galapagos Islands); Jordan & Gilbert, Bull. 
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U.S. Fish Comm., 1881, 329 (Panama); Jordan & Gilbert, Bull. U. 
S. Fish Comm., 1882, 111 (Panama); Jordan & Gilbert, Proc. U. 
S. Nat. Mus., 1882, 377 (Panama); Evermann & Meek, Proc. Acad. 
Nat. Sci. Phila., 1883, 120 (Panama). 

Gerres aprion Gurttien: Fish. Centr. Amer., 391, 1866 (Name only) 
(Panama). 


Habitat.—Atlantic and Pacific coasts of tropical America; 
Galapagos Islands, Peru; Panama; Havana; Key West. 

The specimens examined by us are from Havana (2 specimens, 
54 and 6 inches in length), and Key West (5 specimens, 3 to 6 
inches in length). 

Head 32; depth 3; scales 5-45-10. 

Body rather slender, compressed, elliptical, back little elevated, 
head flat, with a slight depression above front of orbit. Maxil- 
lary triangular and small, the width at posterior end being § the 
length, which is about $ diameter of eye, also $ length of second 
dorsal spine. Preorbital and preopercle entire. Eye large, 22 
in head; snout 34, and interorbital, 33 in head. 

Second and third dorsal spines about equal, the third perhaps 
slightly longest, 1# in head, all weak and flexible. Second anal 
spine relatively strong, third weaker but slightly longer, 2? in 
head; base of anal 12 to 2} in length of head. Least depth of 
caudal peduncle 22 in head. Pectorals about 7 length of head, 
their tips reaching vent. Ventrals 12 in head, reaching about # 
distance to vent. Premaxillary groove narrow, linear and naked, 
and not extending quite to the vertical of centre of pupil. 

Color silvery with bluish reflections, darker above lateral line. 
Tips of spinous dorsal black, ventrals dusky (lighter in Key 
West specimens) ; a black Siieaod hit spot, caudal dusky, body 
covered with very fine dark punctulations. 

This species has not been hitherto recorded from the Atlantic. 


3. Gerres pseudogula. 

Eucinostomus pseudogula Poey, Enum, Pise. Cub., 58, pl. i, 1875 
(Havana). 

Gerres jonesi Giinther, Ann. and Mag. Nat. Hist., iii, 1879, 150, 389 
(Bermudas); Giinther, Voyage Challenger, Fishes, i, 10, 1880 
(Bermudas); Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 
1883, 120 (Bermudas); Jordan, Cat. Fish. N. A., 1885, 95. 


Habitat.—West Indies; Bermudas; Cuba. 
We have examined eight specimens of this species, all from 
Havana. They range from 2? to 7 inches in length. 


1886. | NATURAL SCIENCES OF PHILADELPHIA. 261 


Head 3} to 34; depth 31; scales 5-49-9; D. 1X-10; A. III-7. 

Body elongate, elliptical, not much compressed; back little 
elevated; profile evenly convex; top of head little convex ; 
mouth rather small, end of maxillary reaching slightly past 
vertical from front of orbit; length of maxillary 3} in length of 
head, its exposed portion nearly triangular and about } length 
of head, its greatest width } its greatest length. Preorbital 
and preopercle entire. Snout not much pointed, conical; cheeks 
each with three rows of scales; seven gill-rakers below the angle. 
Kye 33 in head, snout 3} in head; interorbital area 32 in head. 
Dorsal spines all weak and flexible. Second and third dorsal 
spines subequal, 14 in length of head. Base of anal 2 in length 
of head, spines small, the second the stronger, its length 4} in 
length of head, about equal in length to third spine or slightly 
the shorter. Least depth of caudal peduncle 3 in length of head. 

Tips of pectoral fins reaching vent, their length about 32 in 
length of body. Ventrals 15 in head, their tips reaching # dis- 
tance to vent. Premaxillary grooves long, linear and free from 
scales, 

Color greenish above, with bluish reflections, silvery below; 
snout blackish; tips of spinous dorsal black; pectorals pale, 
dusky in axil. Ventrals and anal pale. Caudal reddish. 

This species has been sometimes confounded with Gerres 
gracilis. It can easily be distinguished from the latter by its 
more elongate form and its comparatively small anal spines. 

There seems to be no room for doubt of the identity of G. 
jonest with G. pseudogula. 


4, Gerres gracilis. 


Diapterus gracilis Gill, Proc. Acad. Nat. Sci. Phila., 1862, 246 (Cape 
San Lucas). 

Gerres gracilis Jordan & Gilbert, Proc. U. 8. Nat. Mus., 1881, 274 
(Guaymas); Jordon & Gilbert, Bull. U. 8S. Fish Comm., 1881, 329 
(Guaymas ; Mazatlan ; Panama); Jordan & Gilbert, Bull. U. 8. Fish 
Comm., 1882, 108 (Mazatlan ; Panama); Jordan, Proc. U.S. Nat. 
Mus., 1884, 180 (Key West); Jordan, Cat. Fish. N. A., 1885, 95. 

Gerres aprion Gimther, Cat. Fish. Brit. Mus., i, 352, 1859 (San Do- 
mingo ; Jamaica ; West Indies ; South America); Giinther, Cat. Fish. 
Brit. Mus., iv, 255, 1862 (San Domingo; Jamaica; Bahia); Bean & 
Dresel, Proc. U. 8. Nat. Mus., 1884, 154 (Jamaica) (not of Cuv. & 
Val.). 
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Pucinostomus harengulus Goode & Bean, Proc. U. S. Nat. Mus., 1879, 
132 (Western Florida). 

Diapterus harengulus Goode & Bean, Proc. U. 8. Nat. Mus., 1879, 389 
(Clear Water Harbor, Florida). 

Gerres harengulus Jordan & Gilbert, Syn. Fish. N. A., 584, 1883 (Pen- 
sacola, Florida); Bean & Dresel, Proc. b. 8. Nat. Mus., 1884, 154 
(Jamaica). 


Habitat.— Atlantic and Pacific coasts of tropical America, and 
the West Indies (Cape San Lucas; San Domingo; Jamaica; 
Havana; Bahia; Western Florida; Panama; Guaymas; Mazat- 
lan; Key West). 

The numerous specimens examined by us are from Havana and 
Key West, and range from 1 to 7} inches in length. Head 33; 
depth 22 to 24; scales 5-45-9; Dorsal IX-10; A. III-'. 

Body elliptical, compressed, back moderately elevated ; anterior 
profile little convex, not very steep ; snout rather pointed, mouth 
moderate, maxillary reaching almost to vertical from front of 
orbit, its length 3 in length of head; exposed portion of maxil- 
lary triangular in front, oblong behind, its width 2 in its length, 
which is 4? in length of head. Preorbital and preopercle entire. 
Eye not very large, its diameter 3} in length of head, snout 35 in 
head. Premaxillary groove long, linear, and naked. Grill-rakers 
small and weak, 7 below the angle. 

Dorsal spines weak and flexible, the longest 4? to 25 in head; 
anal spines rather short, the second the stronger, its length 3} in 
length of head; ventral fins short, their tips reaching about half- 
way to anal, their length 13 in head. 

Pectorals slender, their tips reaching about to vent; length of 
pectorals about equal to head ; ventrals and caudal mostly covered 
with small scales; other fins naked, color in life silvery, greenish 
above; snout and upper part of caudal dusky; spinous dorsal 
punctate at base, usually abruptly black at tip; the dark areas 
are separated by a transparent horizontal bar (these markings 
wanting in some specimens, perhaps females); soft dorsal punc- 
tate ; caudal with a faint dusky margin; ventrals pale. 

This species is very common at Key West and Havana. There 
seems to be no difference between the “ harengulus”’ of the East 
Coast and the West Coast “gracilis.”’ 
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5. Gerres californiensis. 

Diapterus californiensis Gill, Proc. Acad. Nat. Sci. Phila., 1862, 245 
(Cape San Lucas). 

Gerres californiensis Jordan & Gilbert, Proc. U. 8. Nat. Mus., 1881, 
274 (Guaymas); Jordan & Gilbert, Bull. U. S. Fish. Comm., 1881, 
319 (Guaymas); J ordan & Gilbert, Bull. U. 8. Fish Comm., 1882, 
108 (Mazatlan); Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 
1883, 120 (Guaymas ; Mazatlan); Jordan, Cat. Fishes N. A., 1885, 95. 

? Gerres guia Steindachner, Ichth. Beitrige, iii, 60, 1875 (name only ; 
nec Cuv. & Val.); (Magdalena Bay). . 


Habitat.—Pacific Coast of Mexico (Mazatlan; Guaymas; 
Cape San Lucas). 

This species is certainly close to G. cinereus, and it may 
eventually prove to be a variety of the latter. 


6. Gerres cinereus. 

Turdus cinereus peltatus Catesby, Nat. Hist., pl. ii, fig. 2, 1750 
(Florida Keys ; Bahamas). 

Mugit cinereus Walbaum, Artedi Piscium, 228, 1792 (After Catesby). 

Gerres cinereus Jordan & Gilbert, Bull. U. 8. Fish Comm., 1882, 108 
(Mazatlan); Jordan & Gilbert, Syn. Fish. N, A., 935, 1883 ; es 
mann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 120. ondeit Proc. 
U.S. Nat. Mus., 1884, 130, 148 (Key West); eudae Prog; UL Si 
Nat. Mus., 1884, 194 (identification of Catesby’s figure); Jordan, 
Cat. Fishes N. A., 1885, 95. 

Gerres zebra Miller & Troschel, Schomburgk Hist. Barbadoes, 668, 
1848 (Barbadoes); Giimther, Cat. Fish. Brit. Mus., i, 349, 1859 
(copied); Gimther, Cat. Fish. Brit. Mus., iv, 254, 1862 (copied); 
Steindachner, Ichthyol. Notizen, iv, ii, 1867 (Surinam); Steindachner, 
Zur Fisch-Fauna des Magdalenen-Stromes, 9, 1878 (Rio Magdalena. 
Identified with Gerres sguamipinnis Ginther); Jordan & Gilbert, 
Bull. U. 8. Fish. Comm., 1881, 329 (Mazatlan); Bean & Dresel, 
Proc. U. 8. Nat. Mus., 1884, 154 (Jamaica). 

Gerres aprion Cuvier, Regne Animal, ed. 2, 104, 1829 (Based on 
Catesby); Cuvier & Valenciennes, Hist. Nat. Poiss., 461, 1830 
(Martinique). 

Diapterus aprion Poey, Enum. Pisce. Cuba, 51, 1875 (Havana), 

Euecmostomus aprion Poey, Enum. Pisce. Cuba, 328, 1877 (Havana). 

Gerres squamipinnis Gimther, Cat. Fish. Brit. Mus., i, 349, 1859 
(Jamaica; Guatemala); Giinther, Cat. Fish. Brit. Mus., iv, 254, 
1862 (Jamaica ; Guatemala); Steindachner, Ichthyol. Notizen, iv, 
12, 1867 (Surinam); Giinther, Fish. Centr. Amer., 39, 1869 (amaiog: 
Chiapam ; Panama). 

Eucinostomus zebra Poey, Enum. Pisce, Cuba, 51, 1875 (Havana). 


> 


Habitat—Both coasts of Tropical America, and the West 
Indies (Havana; Jamaica; Chiapam; Panama; Guatemala; 
Martinique; Bahamas; Florida Keys; Barbadoes; Mazatlan.) 


264 PROCEEDINGS OF THE ACADEMY OF [1886. 


The specimens before us are from Key West and Havana. 
They range from 64 to 13 inches in length. This species seems 
to reach a larger size than any of the others here mentioned. 

Head 33; depth 23 to 22; scales 6-45-10. 

Body compressed, elongate, back moderately elevated, the 
dorsal profile being evenly convex. Mouth moderate, the maxil- 
lary extending but slightly beyond the vertical at anterior margin 
of orbit, its exposed portion triangular in form, and twice as long 
as wide, its length being contained five times in that of the head. 

Preorbital and preopercle entire; premaxillary groove broad 
and free from scales; gill-rakers weak, 7 below the angle. Eye 
moderate, about 3} in head; snout 3}, and interorbital space 33, 
in head. Distance from end of snout to dorsal fin 23 in length 
of body. Second dorsal spine longest, about 14 in head, and not 
much stronger than the others; all the dorsal spines are weak 
and flexible; general outline of the upper margin of the spinous 
dorsal faleate. Second and third anal spines subequal, second 
22 to 22 in length of head, the pectorals scarcely reaching anal, 
their length being contained three times in that of the body. 
Ventrals contained 12 times in head,and scarcely reaching the vent. 

Color silvery with bluish reflections above. Sides with 7 or 8 
broken, bluish vertical bars, about equaling pupil in width. No 
dark stripes along the scales. Dorsal and caudal fins dusky, and 
slightly so; other fins pale, ventrals with a few dark punctula- 
tions; axil dark. 

7. Gerres gula. 

Gerres guia Cuvier & Valenciennes, Hist. Nat. Poiss., vi, 464, 1830 
(Martinique; Brazil); Jenyns, Zoéol. Beagle, Fishes, 58, 1842; 
Giinther, Cat. Fish. Brit. Mus., i, 346, 1859 (Bahia ; San Domingo ; 
Jamaica); Giinther, Cat. Fish. Brit. Mus., iv, 255, 1862 (Bahia; San 
Domingo ; Jamaica); Poey, Rep. Pisce. Cub., 316, 1865 (Havana); 
Goode, Bull. U. 8S. Nat. Mus., v, 1876, 39 (Bermudas) ; Jordan & 
Gilbert, Syn. Fish. N. A., 934, 1883 ; Evermann & Meek, Proc. Acad. 
Nat. Sci. Phila., 1883, 122 (Bermudas; Beaufort, N. C.; Charleston, 
S. C.; Aspinwall ; Pensacola); Jordan, Proc. Acad. Nat. Sci. Phila., 
1883, 289 (Notes on original type); Jordan, Proc. U. 8. Nat. Mus, 
1884, 130 (Key West); Jordan & Swain, Proc. U. S. Nat. Mus., 1884, 
233 (Cedar Keys); Jordan, Cat. Fish. N. A., 1885, 95. 

Diapterus gula Poey, Syn. Pisce. Cub., 323, 1868 (Havana). 

Eucinostomus argenteus Baird & Girard, Ninth Smith. Rept., 1855, 345 
(New Jersey Coast); Girard, U. S. and Mex. Bd. Survey, Fishes, 17, 
Pl. ix, figs. 9-12, 1859 (Brazos Santiago, Indianola, and St. Joseph’s 
Island, Texas). 
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? Gerres argenteus Giinther, Cat. Fish. Brit. Mus., 256, 1862 (Texas). 

Eucinostomus gulula Poey, Enum. Pisce. Cub., 54, Pl. 2, 1875 (Havana). 

Diapterus homonymus Goode & Bean, Proc. U. 8. Nat. Mus., 1879, 340, 
(Clear Water Harbor, Fla.). 

Habitat.—Atlantic coast of America from New Jersey to Brazil, 
and the West Indies. 

(New Jersey; Beaufort, N. C.; Charleston, S. C.; Clear Water 
Harbor, Fla.; Cedar Keys; Key West; Brazos, Indianola, and 
St. Joseph’s Island, Texas; Aspinwall; Brazil; Bahia; Martin- 
ique; Jamaica, San Domingo; Havana; Bermudas.) 

We have examined numerous specimens of this species from 
Cedar Keys, Key West, and Havana, varying in size from 14 to 
64 inches in length. 

Head 34; depth 22; D.IX,.10; A. III, 8; scales 5—42-9, 

Body elliptical, compressed, back moderately elevated, mouth 
small; end of maxillary reaching slightly past vertical from front 
margin of orbit ; exposed portion of maxillary nearly oblong, its 
width about 2 in its length, which is from 4 to 5 in the length of 
the head. 

Preorbital and preopercle entire. Gill-rakers small and weak, 
7 below the angle. Eye 3 in length of head, snout 34 in head. 
Interorbital area 3 in head. Premaxillary groove scaled in front, 
the posterior part naked, forming a sort of pit; longest dorsal 
spine 1} in head; second anal spine shorter and stronger than 
third, its length about 33 in head; ventrals reaching nearly to 
vent ; their length 12 in length of head. Pectorals reaching front 
of anal, their length about 3 in length of body. 

Color silvery, greenish, darker above; no distinct longitudinal 
lines except in very young; upper margin of spinous dorsal more 
or less black. 

Dorsal and anal fins dusky, other fins pale. 

The form of this species resembles that of G. gracilis, but the 
body is always less elongate than in the latter. The form of its 
premaxillary groove differing from that of any other species, 
affords the best character for distinction. 

The many specimens of this species which we have examined 
present no marked differences or variations. They also agree 
very well with the description and drawing of Encinostomus gulula 
of Poey. 

We have no doubt of the identity of gula, argenteus, gulula and 
homonymus. 

18 
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8. Gerres aureolus. 

Gerres aureolus Jordan & Gilbert, Bull. U. 8S. Fish. Comm., 1881, 328 
(Panama); Jordan & Gilbert, Bull. U. 5S. Fish. Comm., 1882, 1it 
(Panama); Everman & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 123 
(Panama). 


Habitat—Bay of Panama. Only the original type of this 
strongly marked species is yet known. 


9. Gerres peruvianus. 

Gerres peruvianus Cuvier & Valenciennes, Hist. Nat. Poiss., vi, 467, 
1830 (Payta, Northern Peru); Lesson, Voyage Coquille, Poiss., 180, 
1828 ; Jordan & Gilbert, Bull. U. S. Fish Comm., 1881, 380 (Mazat- 
lan; Panama); Jordan & Gilbert, Bull. U. 8. Fish Comm., 1882, 
108, 111, 112 (Panama; Mazatlan; Punta Arenas); Evermann & 
Meek, Proc. Acad. Nat. Sci. Phila., 1883, 128 ; Jordan, Proc. Acad. 
Nat. Sci. Phila., 1883, 289 (Notes on original type); Jordan, Cat. 
Fish. N. A., 1885, 95. 

Gerres rhombeus Giinther, Fish Centr. Amer., 391, 1866 (Name only), 
(Chiapam); Jordan & Gilbert, Proc. U. 8. Nat. Mus., 1881, 2382 
(Salina Cruz), (not of Cuv. & Val.). 


Habitat.—West Coast of Tropical America (Mazatlan; Salina 
Cruz; Chiapam; Panama; Peru). 

Dr. Jordan has examined the type of this species, of which he 
says: ‘The type of this species is apparently identical with the 
common west-coast species called by this name by Jordan and 
Gilbert (Bull. U. S. Fish Comm., 188, 330), and later by Ever- 
mann and Meek (Proc. Acad. Nat. Sci. Phila., 1883, 123).” . 


10. Gerres rhombeus. 

Stone bass Sloane, Nat. Hist. Jamaica, ii, pl. 258, fig, 1, 1727 
(Jamaica). 

Gerres rhombeus Cuvier & Valenciennes, Hist. Nat. Poiss., vi, 459, 
1830 (Martinique ; San Domingo); Giinther, Cat. Fish. Brit. Mus., 
i, 341, 1859 (Cuba ; Jamaica ; Puerto Capello; South America ; in 
part G. olisthostoma Goode & Bean); Giinther, Cat. Fish. Brit. Mus., 
iv, 253, 1862 (Cuba; Jamaica ; Puerto Capello); Steindachner, Zur 
Fisch-Fauna Magdalenen-Stromes, 9, 1878 (Rio Magdalena); Jordan 
& Gilbert, Proc. U. 8S. Nat. Mus., 1883, 383 (Aspinwall); Evermann 
& Meek, Proc. Acad. Nat. Sci. Phila., 1883, 123; Jordan, Proc. 
Acad. Nat. Sci. Phila., 1883, 290 (Notes on original type); Bean & 
Dresel, Proc. U. 8. Nat. Mus., 1884, 154 (Jamaica). 


Habitat.—W est Indies and Atlantic Coast of Tropical America 
(Jamaica; San Domingo; Martinique ; Puerto Capello; Havana ; 
Aspinwall; Rio Magdalena). 
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We have examined a number of specimens from Havana, 
ranging from 2? to 10 inches in length. 

Head 31; depth 13; scales 5-38-10. D. IX, 10; A. II, 9. 

Body much compressed, rhomboidal in form, the back much 
elevated ; profile evenly convex to supraorbital where there is a 
slight depression ; snout somewhat pointed; mouth rather large ; 
end of maxillary reaching to vertical trom centre of pupil, its 
length 3 in head. Exposed portion of the maxillary oblong, its 
width about 2? in its length, which is 44 in head. Eye 3} in head ; 
snout 4 in head ; interorbital area 3} in head. Gill-rakers stronger 
than in gula or olisthostoma 18 below the angle. Premaxillary 
groove broad, oval and free from scales. Pectoral fins reaching 
to front of anal, their length 3 in length of body; ventral fins 
reaching beyond vent, their length 4} in length of body. Second 
dorsal spine stronger, but shorter than third and fourth, its length 
about 43 in length of body; margin of fin falcate. Suborbital 
entire; preopercle entire. Caudal peduncle 25 in length of head. 
Anal spine constantly two in number. Second anal spine 1? in 
length of head. 

Color silvery, with bluish reflections, darker above; margin of 
dorsal fin black; fins rather pale; ventrals and anal with dusky 
punctulations ; snout dusky ; no distinct dark lines along the rows 
of scales. 


11. Gerres olisthostoma. 

Gerres rhombeus Poey, Rep. Pisce. Cub., 316, 1865 (Havana); Poey, Syn. 
Pisc. Cub., 321, 1868 (Havana). 

Mojarra rhombea Poey, Enum. Pisce. Cub., 51, 1875 (Havana); Poey, 
Enum. Pisce. Cub., 327, 1877 (Havana) (not Gerres rhombeus 
C. & V.). 

Gerres olisthostoma Goode & Bean, Proc. U. 8. Nat. Mus., 1882, 423 
(Indian River, Florida); Jordan & Gilbert, Syn. Fish. N. A., 934, 
1883 ; Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 123 ; 
Jordan, Proc. U. 8S. Nat. Mus.. 1884, 130 (Key West); Jordan, Cat. 
Fish. N. A., 1885, 95. 


Habitat.—Coast of Florida and Cuba (Key West; Indian River, 
FJa.; Havana; San Matheos). 

We have examined specimens from Key West, Havana and San 
Matheos. They range from 5 inches to a foot in length. 

Head 33; depth 27; scales 5-38-9. D. IX, 10; A. III, 8. 

Body compressed, rhomboidal in form, back very much ele- 
vated. Mouth large, maxillary extending to vertical from ante- 
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rior portion of pupil, its length 2? in head; exposed portion 
oblong, its width 23 in its length, which is 4 to 43 in head. 

Preorbital entire; preopercle serrate; premaxillary groove 
broad, closely covered with small scales (an important diagnostic 
character); gill-rakers weak, 11 below the angle. Eye 34 in head; 
interorbital space 34, and snout about 3} in head. Distance from 
snout to dorsal fin about 24 in length. Second dorsal spine 1; to 
14 in head ; third about equal to second, the others decreasing in 
length, the sixth being but one-half length of second—the general 
outline of upper margin of spinous dorsal being sickle-shaped. 
Pectorals reaching slightly beyond front of anal, and equal a little 
less than one-third length of body. Ventrals reaching just beyond 
vent and are one-fourth length of body. Anal spines always 3. 
Second anal spine stout, about 12 in head. Least depth of caudal 
peduncle about 23 in head. 

Color silvery with bluish reflections, darker above. No distinct 
dark lines along rows of scales. Dorsal, ventrals and anal dusky, 
other fins paler. A dark supraorbital spot ; snout dusky. 

This species has, until lately, been confounded withG. rhombeus. 


12. Gerres brasilianus. 

Gerres brasilianus Cuvier & Valenciennes, Hist. Nat. Poiss., vi, 458, 
1830 (Brazil; Porto Rico); Poey, Rep. Pisce. Cub., i, 315, 1865 
(Havana); Poey, Syn. Pisce. Cub., 320, 1868 (Havana); Poey, Enum. 
Pisce. Cub., 50, 1875 (Havana); Poey, Enum. Pisc. Cub., 327, 1877 
(Havana); Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 
124; Jordan, Proc. Acad. Nat. Sci. Phila., 1883, 289 (Notes on type). 

Gerres patao Poey, Memorias Cuba, ii, 192, 1858 (Havana); Poey, Syn. 
Pisce. Cub., 320, 1868 (Havana); Poey, Enum. Pisce. Cub., 50, 1875 
(Havana); Giinther, Cat. Fish. Brit. Mus., iv, 253, 1862 (Copied); 
Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 123. 

We have examined a very large specimen of this species col- 
lected at Charleston, South Carolina, by Mr. Charles C. Leslie, 
as well as numerous smaller ones from Havana. 

Head 32; depth 21; scales 5-38-9; D. IX-10; A. III-7 or 8. 

Body compressed, rhomboidal; back very much elevated ; 
profile nearly straight from spinous dorsal to premaxillary 
groove, where there is a slight depression. Snout conical, blunt- 
ish; mouth rather large; maxillary reaching slightly beyond 
the vertical from anterior margin of pupil, its length 24 in 
length of head. Exposed portion of maxillary oblong, its width 
91 in its length, its length 4} in length of head. 
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Preorbital and preopercle serrate; premaxillary groove broad, 
narrowed posteriorly, entirely free from scales. Gill-rakers 
short and weak, 11 below the angle; eye small, 33 in length of 
head; snout 34 in length of head. Dorsal spines rather strong 
and stiff, second and third subequal in length, the second much 
the stronger, its length 1? in length of head, upper margin of 
dorsal fin faleate. Second and third anal spines subequal, the 
second much the stronger, its length 12 in length of head. 
, Least depth of caudal peduncle 2} in length of head. 

Color silvery gray, with bluish reflections, darker above, a dark 
streak along each row of scales, most conspicuous on upper part 
of body; fins all dusky except pectorals, which are pale; dorsal 
and anal blackish on their margins. A dark supraorbital spot ; 
axil dusky. 

The description of Gerres brasilianus Cuy. and Val. is very 
poor indeed. Dr, Jordan has examined the type, and we here 
give a copy of his notes: ‘The type of this species is in very 
bad condition, unfit for detailed description. Sides apparently 
with dark stripes along the rows of scales. Preorbital and pre- 
opercle serrate. Frontal groove broad, naked. Longest dorsal 
spine 5in body. Second anal spine 53. Anal spines 3 in number. 
Caudal fin long. This species is allied to G. plumieri, but the 
back is less elevated and the spines smaller than in the latter.” 

The above agrees very well with our specimens from Charles- 
ton and Havana, the latter being evidently identical with the 
Gerres patao of Poey. 


13. Gerres lineatus. 

Smaris lineatus Humbo!dt, Obsery. Zool., ii, 185, Pl. 46, 1807-1834 
(Acapulco). 

Gerres lineatus Cuvier and Valenciennes, Hist. Nat. Poiss., vi, 470, 
1830 (Description from Humboldt); Jordan & Gilbert, Bull. U.S. 
Fish Comm., 1881, 380 (Mazatlan; San Blas); Jordan & Gilbert, 
Bull. U. S. Fish Comm., 1882, 108 (Mazatlan); Jordan & Gilbert, 
Bull. U. S. Nat. Mus., 1882, 377 (Fresh-water Lake at Acapulco); 
Evermann & Meek, Proc. Acad. Nat. Sci. Phila., 1883, 123 ; Jordan, 
Cat. Fish. N. A., 1885, 95. 

Gerres axillaris Giimther, Proc. Zool. Soc. London, 1864, 102 ; Giinther, 
Fish. Cent. Amer., 448, 1866 (Chiapam); Jordan & Gilbert, Proc. 
U. S. Nat. Mus., 1881, 282 (Name only) (San Blas), 


Habitat.— West Coast of Mexico (Acapulco; Mazatlan; San 
Blas; Chiapam). 
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14. Gerres brevimanus. 


Gerres brevimanus Giinther, Proc. Zéol. Soc. London, 1864, 152 ; 
Ginther, Fish. Centr. Amer., 448, 1869 (Chiapam); Evermann and 
Meek, Proc. Acad. Nat. Sci. Phila., 1883, 124; Jordan. Proc. Acad. 
Nat. Sci. Phila., 1888, 290 (Notes on type). 


Habitat.— Pacific Coast of Tropical America. 

Concerning this species, Dr. Jordan observes: ‘“ This species 
is distinct from @. lineatus (Humboldt), although closely allied 
to it. Only the original type is yet known. On this I have the, 
following notes :— : 

““ Head 34 in length; depth 24; eye 33 in head. Coloration of 
Gerres lineatus. Back much lower than in the latter, and pectoral 
fins very much shorter; their length 14 in head; their tips not 
reaching nearly to tips of ventrals, which are 14 in head ; caudal 
3 in body. Preorbital very little serrate, almost entire. Pre- 
opercle weakly serrate. Second dorsal spine 12 in head; second 
anal spine 14. Teeth small and short. No black on base of 
pectoral, or on lower fins. Spinous dorsal dusky above. Frontal 
groove broad and naked, as in G. lineatus.” 


15. Gerres plumieri. 


Gerres plumieri Cuvier & Valenciennes, Hist. Nat. Poiss., vi, 452, 1830, 
(Antilles ; Porto Rico); Giinther, Cat. Fish. Brit. Mus., i, 340, 1859 
(San Domingo; Guatemala; Pernambuco; Bahia); Cat. Fish, 
Brit. Mus., iv, 2538, 1862 (San Domingo; Guatemala; Pernambuco ; 
Bahia); Poey, Rep. Pisc. Cub., 315, 1865 (Havana); Poey, Syn. Pisce. 
Cub., 321, 1868 (Havana); Poey, Enum. Pisc. Cub., 49, 1875 (Ha- 
vana); Poey, Enum. Pisce. Cub., 327, 1877 (Havana); Steindachner, 
Zur Fisch-Fauna des Magdalenen-Stromes, 9, 1878 (Rio Magdalena); 
Jordan & Gilbert, Syn. Fish. N. A., 583, 1883; Evermann & Meek, 
Proc. Acad. Nat. Sci. Phil.. 1883, 124 (Aspinwall; Indian River, 
Florida); Jordan, Proc. Acad. Nat. Sci. Phila., 1883, 290 (Notes on 
type); Bean & Dresel, Proc. U. 8. Nat. Mus., 1884, 153 (Jamaica); 
Jordan, Cat. Fish. N. A., 1885, 95. 


Habitat.—W est Indies and Atlantic Coast of Tropical America 
(Antilles; Havana; Porto Rico; San Domingo; Jamaica; In- 
dian River, Fla.; Pernambuco; Bahia; Aspinwall; Guatemala). 

We have examined six specimens from Havana. They range 
from 5} to 6 inches in length. 

Head 3; depth 23; scales 5-37-11. .D. IV, 10; A. III, 8. 

Body compressed, rhomboidal in form, back very much ele- 
vated. Mouth rather large, maxillary extending slightly beyond 
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vertical from anterior margin of pupil, its length 2% in head; 
exposed portion of maxillary oblong, its width 24 in its length, 
which is 4? in length of head. 

Preorbital and preopercle serrate; premaxillary groove broad 
and entirely free from scales. Gill-rakers small, weak, 13 below 
the angle. Hye rather large, 3 in head; snout 4 in head. Dis- 
tance from tip of snout to dorsal fin equals the greatest depth of 
fish. Upper margin of dorsal fin is sickle-shaped. Second dorsal 
spine very strong and long, its length 22 in length of body; the 
other spines rather weak and flexible. Second anal spine very 
long and strong, its length equals length of head; third anal 
spine shorter and much weaker than second. Pectoral fins 
reaching beyond the front of anal, their length 23 in length of 
body; ventral fins reaching past vent, almost to front of anal, 
their length 3? in length of body. 

Color bluish-silvery above, silvery below; distinct dark longi- 
tudinal lines along each row of scales. Dorsal caudal and anal 
fins dusky ; margin of dorsal fin black; a dark supraorbital spot. 
Pectoral and ventral fins pale. 

The following is a list of the nominal species referred to in the 
foregoing paper, arranged in chronological order, with our iden- 
tification of each. Tenable specific names are printed in italics. 


Nominal Species. Year. Identification. 
Mugil cinereus Walbaum, 1792, Gerres cinereus. 
Smaris lineatus Humboldt, 1830, Gerres lineatus. 
Gerres plumiert Cuvier and Valenciennes, 1830, Gerres plumieri. 
Gerres brasilianus Cuy. and Val., 1830, Gerres brasilianas. 
Gerres rhombeus Cuy. and Val., 1830, Gerres rhombeus. 
Gerres aprion Cuv. and Val., 1830, Gerres cinereus. 
Gerres gula Cuv. and Val., 1830, Gerres gula. 
Gerres peruvianus Cuv. and Val., 18380, Gerres peruvianus. 
Gerres zebra Miiller and Troschel, 1848, Gerres cinereus. 
Eucinostomus argenteus Baird & Girard, 1855, Gerres gula. 
Gerres patao Poey, 1858, Gerres brasilianus. 
Gerres squamipinnis Giinther, 1859, Gerres cinereus. 
Diapterus californiensis Gill, 1862, Gerres californiensis. 
Diapterus gracilis Gill, 1862, Gerres gracilis. 
Diapterus dow? Gill, 1868, Gerres dowi. 
Gerres axillaris Giinther, 1864, Gerres lineatus, 
Gerres brevimanus Giinther, 1864, Gerres brevimanus. 
Gerres lefroyi Goode, 1874, Gerres lefroyi. 
Eucinostomus pseudo-gula Poey, 1875, Gerres pseudo-gula, 


Eucinostomus gulula Poey, 1875, Gerres gula, 


Identification. 
Gerres lefroyi. 
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Nominal Species. Year. 

Eucinostomus productus Poey, 1876, 

Gerres jonesi Giinther, 1879, 


Eucinostomus harengulus Goodeand Bean, 1879, 
Diapterus homonymus Goode and Bean, 1879, 


Gerres aureolus Jordan and Gilbert, 1881, 
Gerres olisthostoma Goode and Bean, 1882, 
RECAPITULATION. 


Gerres pseudogula. 
Gerres gracilis. 
Gerres gula. 

Gerres aureolus. 
Gerres olisthostoma. 


We have in this paper admitted 15 species of the American 
Gerride, and repeat here the list of species. 


The distribution 


of the species is indicated by the letters W. (West Indies and 
adjacent coasts), U. (Southern Atlantic coast of the United 
States), and P. (Pacific coast of Tropical America). 


1. Genus GERRES Cuvier. 


Gerres lefroyt Goode (W.). 

Gerres dowi Gill (U.; W.; P.). 

Gerres pseudogula Poey (W.). 

Gerres gracilis Gill (U. ; W.; P.). 

Gerres californiensis Gill (P.). 

Gerres cinereus Walbaum (U.; W.; P.). 
Gerres gula Cuy. and Val. (U.; W.). 

Gerres aureolus Jordan & Gilbert (Panama). 
Gerres peruvianus Cuv. & Val. (P.). 

Gerres rhombeus Cuv. & Val. (W.). 

Gerres olisthostoma Goode & Bean (W.; U.). 


. Gerres brasilianus Cuv. & Val. (W.; U.). 
. Gerres lineatus Humboldt (P.). 


Gerres brevimanus Giinther (P.). 


. Gerres plumieri Cuv. & Val. (W.; U.). 
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JUNE 1. 
The President, Dr. Lrrpy, in the chair. 


Twenty-five persons present. 
The deaths of C. J. Hoffman, a member, and of C. U. Shepherd, 
a correspondent, were announced. 


Trapa bicornis, L.—Mr. MEEHAN called attention to the Ling 
nut of the Chinese, of which a specimen on the table was four- 
horned, as in the European species 7. natans, and another with 
three. It showed that the calycine horns were little more than 
bracts, and that the European species was one more highly 
developed than the Asiatic species. 


Formation of Crow’s Nest Branches in the Cherry Tree.—In 
regard to fasciated branches, or as they were familiarly called 
‘““crow’s nests,” in trees, Mr. MegewAn remarked that they might 
be classed as different species, and perhaps each species might 
have its own peculiar law of development. In former contribu- 
tions to the Academy, he had explained some of the phenomena 
attendant on fasciation in trees and plants, which gave clues as 
to their origin. In the cherry there was a species of fasciation 
distinct from that prevailing in most trees. In a portion of the 
mass of branches cut from the main mass, very little of an 
abnormal character could be noted. But on the tree itself a 
huge mass of small branches proceeding from one common 
branch might be noted, in striking contrast with the prevailing 
character. The specimens exhibited were from a mass of about 
four feet in diameter. In this there were about two hundred 
branchlets. In one of the thickest growths of a normal charac- 
ter, only about twenty branchlets could be counted in a similar 
space. The weight of these fasciations was so great that the 
masses hung like pendulums from the trees. The garden cherry 
had for more than a century been naturalized near Philadelphia, 
and he knew of three of these fasciations, one on each wild tree, 
within a half mile of each other. He had not seen any on culti- 
vated trees. They had been under his observation for years. 
They might be said to never flower. On one he had seen two 
weak flowers last year. There were none this. The leaves are 
attacked by a species of fungus, which Professor Farlow, of 
Cambridge, had kindly worked out for him, and found to be 
Hxoascus Wilsneri, an European species closely allied to #. 
deformans, the species well known as causing the disease called 
the “curl” in the peach. Prof. Farlow states that the specimens 
sent by Mr. Meehan gave him the first knowledge of the existence 
of the species in America. 
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As in the peach leaf-curl, the first leaves that push in the 
spring are attacked, and are soon destroyed, the blistered and 
browned leaves all falling by the first of June. New leaves, free 
from the fungus, and weak shoots follow the attack. The absence 
of flowers led to the discovery of the method by which the 
fasciation is formed. In the normal condition of the cherry tree, 
the weak shoots become fruit-bearing spurs. From these spurs 
leaves annually appear, leaving an axillary bud, which becomes 
the flower bud of the next season. The leaf continues healthy 
throughout the growing season, and the parts that, morphologi- 
cally speaking, might make a weak growth of wood, remain in 
a kind of microcosm as sepals, petals, stamens, and carpels, fed 
by the leaf for another year. But when this leaf is injured or 
destroyed, insfead of the bud remaining quiescent, or the 
theoretical leaves changing into floral parts in the bud, a new 
growth of leaves and the weak shoot are produced instead. It 
is indeed so clear when once observed that the fasciation is 
simply the development to weak branches of what would nor- 
mally be blossom spurs, that it was provoking to reflect that it 
had taken so many years to discover it. 

An interesting observation was that the fungus should confine 
itself to the fasciated mass for so many years, and show no dis- 
position whatever to spread to any other part of the tree. In 
practical gardening we were taught when these fungus pests 
appeared on orchard trees it was highly important to cut off 
the branches or leaves, and burn them, in order to check the 
spread. In the absence of actual demonstration in this case, one 
might with good reason assume that the mycelium of the para- 
site had obtained an entrance into the tissue and propagated 
itself continuously as the branches grew, and that a crop of 
spores in myriads must be produced annually. Only in rare 
instances were the circumstances favorable to their germination. 
The careful cutting away and burning of a few thousand spores 
would be a matter of small importance in comparison with the 
immense number that must escape the effort of the cultivator for 
their destruction. Safety lies evidently rather in the difficulty 
these minute bodies experience in finding the exact conditions 
necessary for their growth and development, than from the 
destruction of the germs themselves. 


Distribution of Modiola tulipa.—Mr. Joun Forp reported the 
finding by him of a half-grown specimen of Modiola tulipa Lam., 
near Cape May, N. J., on the 16th ult. As the species is essen- 
tially a southern one, it was at first supposed that the specimen 
had been carried north on the bottom of a vessel, or in some 
other artificial manner. The discovery two weeks later, by Mr. 
Ford, of a dozen or more adult specimens, at Anglesea, ten 
miles further north, seems to prove that the species has entered 
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upon its new conditions in large numbers, and with the purpose 
of making its new home a permanent one. 

There is no record of the species having been found north of 
South Carolina before. 


Toxodon and other Remains from Nicaragua, C. A.—Prof. 
Leipy directed attention to some fossils, and remarked that they 
were part of a collection which he had been invited to examine 
by Mrs. Dr. B. F. Guerrero, now residing in this city. The collec- 
tion was obtained from the northern part of Nicaragua, but 
nothing further had been learned about it. It mostly consisted 
of uncharacteristic fragments of bones, but among them were 
many interesting specimens referable to Megatherium, Elephant, 
Mastodon, Horse, Ox, Toxodon, and Capybara. The association 
of these animals is another illustration of the extension of the 
early South American quaternary fauna into North America. 
Among the remains of Megatherium there is the greater part of 
the distal extremity of a femur and a fragment of the mandible 
with two teeth. Of the Elephant there is a portion of a molar 
tooth. Of the Mastodon there is a molar tooth and portions of 
several others apparently of the WZ. andium. Of the Horse there are 
two upper molar teeth, with no well-marked difference distinguish- 
ing them from those of ordinary varieties of the Domestic Horse. 
Perhaps they may pertain to one or other of the species indicated 
by Prof. Owen with the names of Hquus curvidens or E. tau. Of 
the Ox, the collection contains several horn-cores of different 
sizes ; one, double the size of that of the Domestic Ox. 

The Capybara is indicated by a fragment of the left ramus of 
a mandible with the first molar alveolus containing the greater 
part of the tooth. The specimen conforms to the corresponding 
portion of the jaw of the living Capybara, but indicates a con- 
siderably larger and more robust animal. Considering the dif- 

ference in size and age of the fossil, it was 
~ probably a different species from the Capy- 

bara, and regarding it as such he proposes 

for it the name of Hydrochoerus robustus. 

The first molar tooth complete would have 

the appearance represented in figure 1, and, 

except in size, does not differ from that of 
the Capybara. Comparative measurements of the fossil are as 
follows :— 


i 


H, robustus. Capybara. 
Depth of mandible at first molar, 56 mm. 33 mm. 
Length of first molar, 4 5 Saye BH | tt 
Fore and aft diameter, aoe iy a 
Transverse diameter of Tat dental 
plate, : ; lon x an 
Diameter of incisive alveolus, ; 20° 5 Oy <4 


Dr. Lund, in his Fossil Fauna of Brazil (An. Se. Nat., 1839, 
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214) refers to remains of Hydrochoerus, which he refers to two 
species, one as H. affine Capybare, not different from the living 
Capybara, and another which he calls H. sulcidens, of a size inter- 
mediate to the latter and the Tapir, and having the incisors 
deeply grooved in front. He remarks the former differs in having 
the incisors smooth in front as in the living species, which saying 
is obscure, for in the living Capybara the incisors are con- 
spicuously grooved in front. 

Prof. Owen (Voyage of the Beagle 110), speaks of a decom- 
posed molar tooth of Hydrochoerus, found with remains of Mega- 
therium,. Toxodon, etc., by Mr. Darwin at Bahia Blanca, S. A. 
He remarks that the fossil differs from the corresponding tooth 
of the Capybara, in the greater relative breadth of the component 
laminee. 

Prof. Gervais (Rech. Mam. Fos. de l’Amerique Meredionale, 
1855, 12), describes remains of Hydrochoerus, found with those 
of Megatherium, Toxodon, etc., at Tarija, Bolivia. They con- 
sisted of portions of upper jaws, which are regarded as pertaining 
to a species but little different in size and in the form of the teeth 
from the recent Capybara. They are referred to the H. affinis 
Capybare of Dr. Lund. A specimen of a maxilla with the last 
two molar teeth, figured in Plate xiii, fig. 3, of the work, indicates 
a more robust animal than the living Capybara, and the last 
molar tooth is composed of fourteen plates, a greater number 
than exists in the recent animal. In four skulls of the latter he 
found the last upper molar to have twelve plates, while in the fossil 
described by Gervais there are fourteen plates. Comparative 
measurements of the latter fossil with the recent animal are as 
follows :— 

Capybara.  Tarija fossil. 
Last molar, fore and aft diameter, 33 to 34 mm. 50 mm. 
Last molar, transverse diameter, 12to13 “ 20 “ 
Penultimate molar, fore and aft, 9to1l0 “ 14 “ 


He thought it probable that the remains of Hydrochoerus, 
referred by Lund and Gervais to H. affinis Capybarex, and those 
mentioned by Owen, as above noted, probably also belong to the 
species he had named H. robustus. He formerly described some 
remains of Hydrochoerus, which were found in association with 
those of Megatherium, etc., in the Ashley Phosphate Beds of 
South Carolina (Post-pleiocene Fossils of South Carolina, 1860, 
112, pl. xxi, figs. 3-6). These consist of teeth, which agree in 
size with those of the recent Capybara, and were referred to a 
probably extinct species, with the name of H. Asopi. 

The most interesting fossils of the collection are those of Too- 
don, as being evidence of the former existence of this remarkable 
animal in North America. The best preserved and best marked 
specimens consist of a nearly complete lower molar tooth, and 
two portions of a lower incisor. These in their form and size best 
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agree with the corresponding teeth of Toxodon Burmeisteri, 
described and figured by Dr. Burmeister, in the Annals of the 
Museum of Buenos Aires, 1869, 256, pl. xi. 

The molar tooth is the penultimate of the left side. Its length, 

Renee when complete, has approxi- 

mated five inches, and it mea- 

a) sures 43 mm. fore and aft, and 

18 mm. transversely at its fore 

part. An outline of the tritu- 

rating surface is represented in 

fizure 2. Enamel invests the 

outer surface eeiendinte about half \ way round the corners in front 

and behind. On the inner surface enamel invests the middle 

extending furthest behind. The inner angles of the tooth are 

both destitute of enamel. The outer enamel layer forms a single 

inflection about the anterior third of the tooth; the inner enamel 

layer forms two inflections nearly equidistant behind the position 
of the outer one; the posterior inflection being the deepest. 

The incisor, apparently the second lower of the right side, is 
broken into two about the middle, and when complete has been 
over six inches long. The transverse section, as seen in figure 3, 

viewed from below, is triangular, with 
the apex directed outward, and the 
base inward or mesially. The front 
surface is transversely convex, and 
the back surface in the same direction 
concave. The inner surface, extending 
around the corners, further in front 
than behind, is destitute of enamel. 
The phieaiatine surface is worn away in a slope from the outer 
border inward and backward. The measurement of the section 
in front and behind is 87 mm.,and internally fore and aft 23 mm. 


JUNE 8. 
The President, Dr. Lrmpy, in the chair. 


Twenty-one persons present. 

A paper entitled “On the Histology of Salpa (S. runcinata- 
fusiformis),” by Dr. Chas. 8. Dolley, was presented for publi- 
cation. 


On the Expansion of the Crystalline lens.—Dr. BENJAMIN SHARP 
remarked that it is well known that accommodation in the eye, 
for distance, is effected by the contraction of the ciliary muscle, 
drawing on ‘the point of attachment of the capsular ligament of 
the lens, the lens widening its optical axis aS soon as the tension 
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of the ligament is released. The lens is flattened, or its optical 
axis is shortened, as soon as the ciliary muscle is relaxed; the 
ligament being drawn upon by the elasticity of the sclera, and 
perhaps it is somewhat aided by the intraocular pressure. Dr. 
Sharp stated that as far as he knew the mechanism of the 
“lenticular expansion” had not been described. This action is 
easily seen on turning to the development of the lens. The 
lens is formed by an invagination of the external octoderm soon 
closing, and as a result we have a spherical vesicle, soon enclosed 
in the mouth of the secondary optic vesicle. When this has 
taken place, the posterior wall of the lens-vesicle thickens, that 
is, the posterior cells commence to elongate, and grow toward 
the anterior wall of the vesicle, the celis of which remain, 
generally speaking, of the same size, and later form the so-called 
epithelium of the lens. Keeping this structure in view, we see 
that when pressure is brought to bear on the lens, these elongated 
cells of the posterior wall are compressed in their longitudinal 
axis, so that as soon as the pressure is removed, they simply 
straighten out. This will also account for the fact, that the 
anterior face of the lens is the only portion that moves in the 
act of accommodation for distance. In the adult lens this 
structure is to a certain extent lost, and the lens is generally 
described as being made up of layers concentrically arranged. 
This is true, but the embryonic “impression ” still remains. If 
we supposed that the lens were made up of layers concentrically 
arranged and so formed, when the capsular ligament “ slacked 
up” the tendency of the lens would be to shorten its optical 
axis instead of lengthening it. 


The Opal Mines of Queretaro, Mexico.—Dr. A, E. Foote 
remarked that the locality referred to is particularly interesting 
as being the only one in North America that is being worked 
solely for the production of gems. . 

The opals of Mexico have been celebrated since 1820, when 
Karsten and Del Rio referred to the opals of Zimapan and that 
neighborhood as being in many respects equal and in some 
respects superior to the Hungarian. There are quite a number 
of fine localities from which considerable quantities have been 
exported to Europe, so that among the lovers of the beautiful, 
Mexico is as well known for its brilliant opals as for the soft and 
exquisite tints of the tecali or Mexican onyx. 

As in the case of diamonds from Brazil and Africa, there is a 
jeweler’s prejudice against the new locality, and they are con- 
sidered even more unlucky and liable to break than those of 
Hungary. I have, however, seen in the possession of Senor 
Cosio magnificent specimens that had been taken out over ten 
years, and were without a flaw. 

The locality in Queretaro is the only one in Mexico that is 
being worked to any extent now. 
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The principal mines are on the hacienda of Esperanza, where 
the opal was discovered, by a servant, ten years ago. No mines 
were taken up until 1870, when Dr. Jose Maria Siurob located 
the mine of Santa Maria Iris. The fine specimens secured during 
the next few years created so much excitement that a large 
number of mines were located, most of which are now abandoned. 
The district is quite extensive, having been traced over a region 
about twenty leagues long by thirty-one leagues wide. At 
Ciervo, fourteen leagues from Esperanza, the opal is quite 
abundant, though none of the precious variety of good quality 
has been found. 

The mines of Esperanza can only be reached on horseback, 
and the ride from Queretaro is a very hard one. San Juan del 
Rio, said to be the nearest large town where one can get accom- 
modations for the night, is ten leagues to the S. E. 

Leaving the Mexican Central Railroad and crossing a rich 
alluvial plain, covered with fields of corn and the so-called cen- 
tury plant, surrounded by fences of Cereus giganteus, we came 
to the foot hills. Here at once abundant evidences of volcanic 
action were seen. Round nodules of obsidian, large masses of 
agate, milk opal, and other siliceous products, were mixed with 
the cacti on every side. The rough trail soon led into the dry 
bed of a barranca, where porphyritic trachyte carrying the 
common varieties of opal were quite abundant; the trend of 
these porphyritic banks was from S. E.to N. W. The color of 
the rock is reddish gray. As the barranca terminated in a 
narrow valley, on the mountains on each side were seen the red 
dumps standing out conspicuously upon the gray surface. 

Of the mines that he visited only one, the Jurado, was being 
worked. The deposits of opal-bearing trachyte are so irregular 
that the mines are soon exhausted. 

The Jurado is an immense excavation about 150 feet deep 
several hundred feet long, and about 100 feet wide. At the 
bottom, the porphyritic rock seemed to be thoroughly impreg- 
nated with hydrated silica, even occasionally being converted 
into common opal. 

The general appearance of the rock furnishes a very good clue 
to the character of the opals that it may contain. Thus if the 
rock is less red in color and close and compact in texture, fire 
opals and related forms abound, while if the rock is deep red in 
color or clayey and pockety, the Hungarian, harlequin, and milky 
opals are much more abundant. 

There is no locality of which he had ever heard where such 
an extraordinary variety of opals can be found in a sinele 
matrix. The same small piece of rock will show fire opai, fire 
opal showing green and blue reflections, the Hungarian, harlequin 
girasol, hyalite, milk, and almost every variety. The harlequins 
showing a mosaic of brilliant minute spangles of color in a 
milky base, vie with the broad sheets of dazzling blue, red and 
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green. Perhaps, like Ruskin, we should give the palm to the 
“Milky opals that gleam and shine like sullen fires in a pallid 
mist.’” 


Vitality of Mollusca.—Prof. HEILPRIN called attention to a 
remarkable case of vitality among certain members of the fauna 
of the New Jersey coast. Specimens of Nassa obsoleta collected 
by Miss Emma Walter, at Atlantic City just one year ago, and 
retained dry during the entire year of their accidental captivity, 
were stated to be still alive, although subjected for several months 
to the abnormal temperature occasioned by proximity to a heated 
wall surface. This, the speaker contended, was perhaps the most 
extraordinary instance of vitality known among the marine mol- 
lusca, although among the terrestrial and freshwater forms, 
especially among those which undergo a partial hibernation, 
longer periods of semi-adaptation to imposed conditions have 
been noted. Instances of such survivals were cited by the speaker 
and Prof. Leidy. 


JUNE 15. 
Mr. Joun H. REDFIELD in the chair. 


Twenty-two persons present. 


JUNE 22. 
Mr. Tos. MreEnAn, Vice-President, in the chair. 


Thirteen persons present. 
A paper, entitled ‘‘ Notes on the Paspali of Le Conte’s Mono- 
graph,” by Geo. Vasey, was presented for publication. 


Note on Quercus dentata.—Mr. Tuomas Meernan exhibited 
specimens of Quercus dentata with female flowers, from a speci- 
men raised from an acorn received from Japan ten years ago. It 
is of very rapid growth, being now eighteen feet high, and six 
inches in circumference. So recently as the issue of the volume 
of De Candolle’s Prodromus, it was noted that the fruit was un- 
known. Some account of these female flowers might have an 
interest. Like our annual fruited oaks the flowers appear at the 
end of the young growth, in pairs on peduncles about half an 


1 The speaker had collected at the opal mines a number of specimens of 
minute bright white rhombohedrons showing the basal planes ; these have 
been examined by Prof. E. 8. Dana, who pronounces them alunite. Well 
crystallized alunite is not common, and he believed this is the first time its 
appearance has been noted in North America, 
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inch long, the peduncles of course springing from the axils of the 
upper leaves. Early in June a second growth occurs, on which 
are also female flowers. 
On many of the stronger 
a third growth is made 
before autumn. The sey- 
eral growths during the 
season on this tree, have 
no doubt had much to do 
with its great size in so 
short a time. The in- 
volucre is a mass of loose 
scales, in the centre of 


1. Peduncle with flowers, Quercus dentata, natural size. which the four blackish 


2. Beak of the ovarium with stigmas enlarged. i stiomas are seen. 
3. Beak of the ovarium with stigmas enlarged, Quer- ligulate t 8 2 
cus macrocarpa. Bisecting the flower verti- 


cally, the usually minute 
calyx segments, immediately beneath the stigmas are represented 
here by numerous brown scale-like hairs, which simulate the scales 
of the involucre, and are at the apex ofa slender stipe or beak 
four lines long, that seems to spring from the true ovarium as if it 
were a true style, and the real pistils represent a four-cleft stigma 
at the apex. He did not remember any American species that 
had so long a beak in this early stage of growth, though there 
were some species that he had not had an opportunity of dis- 
secting. From those that he had had the opportunity of exam- 
ining the differences in this feature were striking, and the 
character could certainly be made more useful than it had been 
in enabling us to discriminate species in this very difficult genus. 
A horizontal section of the ovarium shows it to be four-celled, 
with each cell two-ovuled. 


JUNE 29. 


The President, Dr. Lrrpy, in the chair. 


Highteen persons present. 
' A paper entitled “ Notices of Nematoid Worms,” by Dr. 
Joseph Leidy, was presented for publication. 


Mineralogical Notes.— Composition of Stromeyerite.— Professor 
Grorce A. Kania placed on record the identification of Stro- 
meyerite from Zacatecas, Mexico. At this locality the miners 
designate the various silver minerals by their colors as black 
silver, red silver, green silver, and blue silver. Under the 
latter name—plata azul—several minerals are undoubtedly com- 
prehended, but probably the most prevalent is the mineral 
here identified as Stromeyerite. One large specimen is com- 
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posed of numerous prismatic crystals, the terminations broken 
off—sitting on well-crystallized quartz, and from several smaller 
specimens it would appear that quartz is the ordinary com- 
panion of Stromeyerite at Zacatecas, whilst the other silver 
minerals—Proustite, Polybasite, Stephanite, Argentite—are more 
commonly associated with Calcite. The faces of the crystals are 
rough, not admitting close measurements ; the prismatic angle is 
near 120°-119°. The mineral has no cleavage. Its fracture is 
uneven to flat subchonchoidal and very splintery, The lustre 
is brilliantly metallic and the color iron-gray with a strong bluish 
purple admixture. The color of the powder is nearly the same. 
It is not sectile, but mild, and has a hardness of 3, 5. 

Spec. gravity — 62303, made upon 1°623 grams of fragments 
from several crystals. Before the blowpipe it melts very readily 
to a globule, emitting sulfurdioxide, and changing to a gray 
globule of silver-copper. Gives no sublimate on charcoal, nor 
in open or closed tube, and dissolves in nitric acid to a blue solu- 
tion, in which hydrochloric acid precipitates flocculent silver 
chloride. 

A preliminary analysis made with a fragment from one crystal 
(0'2346 gram) gave the result 1; a second analysis made upon 
the mixed fragments used in the determination of specific gravity 
(0°5 gr.) gave the result II. 


I. AgCl = 0°1615; Cu,S = 0:0958; BaSO, — 0:2887. 
II. AgCl —0°2509; Cu,S — 02105; BaSO,==Ooaiae 


From this we calculate: 
i; zi 


Insoluble. : : 5 ae 0:26 
Ag 4 , : : : .) Sb 66 50°18 
Cu : E i . 4 =. goe0'r 33°69 
Ss ‘ : . x : A 16°64 15°81 


100°97 99°94 


Analysis having been made with twice the quantity of sub- 
stance and with greater care, deserves alone to be taken as basis 
for the atomic ratio. Dividing the percentages by the atomic 
weights, we obtain: 


Ag: Cu:S = 0°4661 : 0-5322 : 0-4975 
Ag+ Cu:S = 0:9983 : 0°4975 
= 2007 :1 
Hence, 47 Ag.S + 53 Cu,S 


It is seen that Ag and Cu are not exactly in the ratio 1:1, 
but very near. Undoubted Stromeyerite has been described 
heretofore only from two localities, Schlangenberg, in Siberia, 
and Rudelstadt, in Silesia, and from the latter place only in 
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erystals. The analyses of the mineral from these places do not 
give the ratio of 1: 1 for Ag and Cu either, but a little closer than 
the present locality of Zacatecas. Since Ag,S and Cu,S may 
replace each other isomorphically in all proportions without 
question, we may look upon such a ratio as Stromeyerite demands, 
1:1, as quite an exception, owing no doubt to peculiar condi- 
tions present at the time of crystallization. 

The material for this investigation was obtained from Dr. A. E. 
Foote, who collected it during his recent visit to Zacatecas and 
other mineral localities in Mexico. 


Christian E. Metzler and Charles H. Marot were elected 


members, 
The following was ordered to be published :— 
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NOTES ON THE PASPALI OF LE CONTE’S MONOGRAPH. 
BY GEORGE VASEY. 


The monograph of U.S. species of the genus Paspalum, by 
Capt. (since Major) Le Conte, was published in the Journal de 
Physique, Paris, vol. 91 (1820). It contains descriptions of 
eighteen species. 

Through the kindness of Mr. J. H. Redfield, all the Lecontean 
specimens of Paspalum in the Herbarium of the Philadelphia 
Academy of Natural Sciences, have been placed in my hands for 
examination, and I have given them as careful a revision as I find 
possible. The result is expressed in the following notes. I have to — 
premise that autograph specimens of some of these species are 
wanting, and of some others are mixed in the sheet with other 
species, making it doubtful which was the typical plant. But in 
most cases the specimens and descriptions enable us satisfactorily 
to determine the species indicated. 


1. Paspalum precox, Walter. 


The specimen to which Le Conte’s ticket is attached is a form 
of P. leve, Mich., not answering, however, to all the characters 
given, as the sheaths and leaves are not “‘ vilosissimus” and the 
number of spikes is four instead of three. In the same sheet, 
however, is another specimen which has hairy leaves and sheaths. 
Le Conte evidently thought he was describing the plant of Walter, 
but the description does not answer for the plant which is now 
accepted as the P. precox of Walter, nor does it agree with the 
description either of Michaux or Elliott. 


2. P. setaceum, Michx. 


The ticket bearing this name is in a sheet with another bearing 
the name of the next species, and the plants are all the common 
erect hairy form of P. setacewm, Michx., except one specimen, 
ticketed P. ciliatifolium, from Georgia, and marked “ Baldwin.” 
Mr. Le Conte’s description answers well to the commonly ac- 
cepted plant of Michaux, and he gives after his description this 
reference, “‘ P. setaceum et debile Michaux, Nova Cesarea ad 
Floridam,” with the mark O for annual, which latter point is 
open to doubt. 


1886. ] NATURAL SCIENCES OF PHILADELPHIA. 285 


3. P. ciliatifolium, Michx. 


As above stated, the ticket for this is in the same sheet with 
the preceding, and if it has not been changed, must apply to the 
same plant, as the description does not at all apply to the smooth 
long-leaved specimen of P. ciliatifolium from Georgia. Some of 
the specimens have “ spica unica,” and some have “ spicis 1 sive 
2,” and some with the usual lateral peduncled ones. 


4. P. longepedunculatum, Le Conte. 


The specimen to which this name is attached is commonly 
referred to P. setaceum, Michx., but is a different form from Nos. 
2 and 3, more like the southern P. ciliatifolium, but having the 
leaves shorter and narrower. There are several long peduncled 
lateral spikes which are not mentioned in the description, the 
name being based on the ‘“‘ very long peduncled common spike.” 
In Herb. Scribner is a specimen, collected by Mr. Isaac Burk, on 
the ballast grounds of Philadelphia, which is almost exactly like 
the Le Contean one, and if P. ciliatifolium is considered a species 
this might be called variety brevifolia. At the close of his de- 
scription Le Conte says “ P. debile, Muhl. Gram.” 


5. P. Floridanum, Michx. 


There are two tickets with this name, one of which is attached 
to a specimen of P. racemulosum, Nutt., which specimen does not 
agree with Le Conte’s description; the other is attached to a 
much smaller plant, very well answering the description of Le 
Conte but not of Michaux. The specimen is not different appar- 
ently from the one to which Le Conte’s ticket “ P. precox” is 
attached, which we take to be Paspalum leve, Michx., the short 
broad-leaved form which is perhaps the typical one. 

In Herb. Torrey is a specimen of Paspalum Floridanum with a 
note, “not of Le Conte, which is P. leve. Ell. i, p. 106, non 
Michx.?” We see from this note not only that Dr. Torrey 
referred Le Conte’s P. Floridanum to P. leve, Ell., but also that 
he had doubt if Elliott’s plant was the same as Michaux’s. 


6. P. leve, Michx. 


Le Conte’s ticket with this name is loose in a sheet with the 
preceding, the three specimens being apparently all alike except 
as to the pubescence of the leaves. There is also in another sheet 
a specimen with the ticket attached, which specimen is the form 
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of P. leve, with long, smooth leaves, not as No. 6 is described 
with ‘ foliis latiusculis, brevibus.” 


7. P. difforme, Le Conte. 

The name as printed is “ clifforme,” evidently a typographical 
error. The specimen is intermediate between P. leve and P. 
Floridanum, and different from either. Le Conte says, “ Refert 
P. Floridanum sed spicis erectis, glumisque majoribus facile dis- 
tinguitur.” This comparison was evidently made with his No. 5, 
which was not the P. Floridanum,Mx. He also refers Paspalum 
No. 7 of Muhlenberg’s Gram. to this plant, but the description is 
too obscure to be of any value. We have specimens in the U. 8. 
Herbarium from N. C., and from Florida, which are apparently 
the same as Le Conte’s plant. They have been referred to P. 
Floridanum, but are clearly different in the smaller size of the 
plant, in the shorter spikes, and in the much shorter leaves. We 
have the same plant, also, from Dr. Charles Mohr, Mobile, Ala., 
who noted that it differed from the P. Floridanum. He says P. 
Floridanum blooms from the middle of June to the middle of 
July, while the other kind begins to flower six or eight weeks 
later. Altogether it seems that for these specimens Le Conte’s 
name should be recognized and added to our list. 


8. P. undulosum, Le Conte. 


The specimen over this name is apparently a form of P. leve, 
Michx., with wider and smoother leaves, more numerous and 
shorter spikes than in the common form. Ihave seen no other 
specimens quite matching it, and it may very well be called P. 
leve, variety undulosum. The undulate margin of the leaves is 
also shared by other species. Schultes subsequently published 
this as P. Leconteanum (Mant. 2, 168), probably because Le 
Conte’s name was too much like P. undulatum, Poir. 


9. P. latifolium, Le Conte. 


The specimen with this name looks like a very exuberant P. 
ciliatifolium, with equally small spikelets, but in three or four 
series. The leaves are about an inch wide, and eight to ten 
inches long. I have seen no other such specimens, but the 
general appearance and habit is that of P. ciliatifolium, of which 
it is probably a luxuriant form. 
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10. P. virgatum, Walt. 

The ticket bearing this name is loose in a sheet which contains 
two specimens of P. plicatulum, Michx., and two specimens of 
P. precox, Walt., one of which is ticketed, ‘“‘ Herb. Schw., P. pli- 
catulum, Georgia, Hermann.” The description seems to refer to 
what we call P. precox, Walt., ‘“‘spicis 5-6, alternis, erectis, 
elumis biseriatis, rachi latiuscula, non flexuosa, dentibus bifloris.” 
Le Conte apparently mistook his No. 1 for P. precox, Walt., and 
this for P. virgatum, Walt. The true P. virgatum, Walt.,is prob- 
ably P. purpurascens, Ell. Le Conte adds to his description this 
note, ‘ Calicis valyule omnium paspalorum, cuve semina matures- 
cent juxta margines transverse plicate fiunt.” If this means that 
the glumes of all Paspalums when mature have transverse plica- 
tions such as mark the P. plicatulum, Michx., it is a great.error. 


1l. P. angustifolium, Le Conte. 

The specimen bearing this name is evidently one of the forms 
commonly called P. leve, Michx., having long, narrow and smooth 
leaves, and three slender spikes three to four inches long. It is 
quite different from No. 5, which represents a form with much 
shorter and wider leaves, and which is possibly the typical plant, 
as Michaux says “ foliis breviusculis.” No subsequent writer 
except Elliott, however, quotes these words of Michaux. Gray says 
“the pretty large and long leaves ;” Chapman says “leaves and 
sheaths smooth or the latter hairy ;” Elliott quotes Michaux’s 
words, ‘“‘leaves short,” but does not recognize the plant. It is, 
therefore, difficult to say precisely what was Michaux’s type, and 
some botanists will prefer to consider this species of Le Conte as 
a distinct one. Otherwise, it may be distinguished as variety 
angustifolium. 

12. P. gracile, Le Conte. 

The two specimens bearing this name, one ticket marked “ Pas- 
palum gracile mihi, P. leve, Schweinitz,” the other “ Paspalum 
tenue, Kth., P. gracile, Le Conte, ‘ Durand,’” are clearly what 
is commonly understood as P. plicatulum, Michx., or P. undula- 
tum, Poir. Kunth published P. tenue, evidently based either on 
Le Conte’s specimens or on the description to which he refers. If 
Kunth saw the specimens, and they were the same as these in the 
Herb. Acad. Phil., it is not easy to understand how he should 
make a new species of them, unless, as may be the fact, Michaux’s 
plant is the P. purpurascens, Elliott, in which case indeed another 
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name would be needed for Le Conte’s plant, and as the name P. 
gracile had been earlier appropriated by Rudge for a S. American 
plant, Kunth distinguished this by the name of P. tenue. An 
inspection of the Le Contean specimens in the Herb. Mus. Paris 
will probably settle this question. Kunth, however, refers 
Michaux’s P. plicatulum not only to P. purpurascens, EIl., but 
also to P. undulatum, Poir, as if Michaux had confused two 
species, which is very likely to be the case. On the other hand, 
if Kunth saw Le Conte’s specimens, and they were like these of 
the Herb. Acad. Phila., he should have recognized them as the 
P. undulatum, Poir. 

Le Conte, at the end of his description of this species, says, 
‘Muhlenberg Gram. sub Paspalo, No. 8,” with the description of 
which "Le Conte’s does not agree. Furthermore, there is in Herb. 
Torrey a specimen of Paspalum setaceum, Michx., which is also 
referred to ‘ Pasp. No. 8, Muhl. Gram.,” and which agrees sufli- 
ciently well with the description. 


13. P. altissimum, Le Conte. . 

The single specimen to which this name is attached is evidently 
what is commonly called P. Floridanum, Michx., for which, 
according to Kunth, the earlier name of P. macrospermum, 
Flugge, must be adopted. Le Conte’s specimen has only two 
spikes, although his description says “spicis 4-5.” The species, 
however, or some forms of it, often have 4 to 5 spikes. One 
form has pubescent leaves or sheathes, and one form is quite 
glabrous. Le Conte mistook his No. 5 for P. Floridanum, Michx. 


14. P. confertum, Le Conte. 

The specimen to which this name is attached is evidently P. 
purpurascens, Ell. Mr. Durand recognized this and attached a 
ticket marked ‘‘ resembling P. purpurascens, and I believe iden- 
tical, E. D.” On the same sheet is another specimen of the same 
species, ticketed “P. purpurascens, Ell., Georgia, Dr. Baldwin.” 
Kunth gives both P. purpurascens, Ell., and P. confertum, 
Le Conte, as if they were distinct plants. Probably he did not 
see Le Conte’s specimens. 


15. P. distichum, Linn. 

I find no specimens with a ticket in Le Conte’s writing, but 
there are in a sheet marked P. distichum, specimens noted as 
coming from Le Conte, and others, Georgia, Baldwin. The 
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description of Le Conte seems to refer to P. distichum, Linn., 
but at the end he gives, as a synonym, Digitaria paspalodes, 
Michx., which is understood by Elliott and by Dr. Chapman as 
applying to Paspalum Digitaria, Poir, which seems not to have 
been known to Le Conte, unless he agreed with Elliott in referring 
it to the genus Milium, in which case it would not appear in a 
revision of Paspalum. 


16. P. tristachyum, Le Conte. 

The specimen bearing this name is apparently a three-spiked 
form of P. vaginatum, Swz. The description also conforms to 
that species, and Mr. Le Conte adds the remark, “ Refert prius 
sed primo obtuto facile distinguitur, foliis angustis glaberrimus. 
Habitat in subsalsis, Georgia.” 

Mr. Bentham considers P. vaginatum, Swz., as synonymous with 
P. distichum, Linn., but the two are well defined by Le Conte, 
and I think are clearly distinct, although with poor or imperfect 
specimens it is not always easy to discriminate. Although this 
species commonly has but two spikes, it sometimes occurs with 
three. 


17. P. membranaceum, Walt. 

I find no specimen of this species with Le Conte’s ticket, but 
from the description, and the reference to P. vaginatum, EIL, it 
is pretty clearly the P. Walterianum, Schultes. 


18. P. natans, Le Conte. 

I find no specimen with Le Conte’s ticket, but from the descrip- 
tion and reference to P. mucronatum, Muhl., and the additional 
notes, it can hardly be doubted that this is the P. fluitans, Walt. 
(Ceresia fluitans, Ell.). 

Mr. Le Conte undoubtedly observed and collected many of the 
species of Paspalum in Georgia, where he spent many years of 
his early life ; he was also acquainted with Baldwin and Elliott. 
The latter had already published the earlier numbers of his 
“Sketch of the Botany of 8. Carolina” before the appearance of 
Le Conte’s Monograph, and Elliott is referred to in Le Conte’s 
Paspalum, No. 17. Reference is several times made to Pursh 
and Muhlenberg, whose works had been published but « short 
time. Michaux described seven species of Paspalum, all of 
which are referred to by Le Conte. Muhlenberg describes ten 
species, including two to which he gave numbers without specific 
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names, and to these Le Conte makes reference, No. 7 under his 
P. difforme, and No. 8 under his P. gracile, but a comparison of 
the descriptions does not afford much satisfaction. Elliott 
described eleven species of Paspalum, or thirteen, if we include 
his Miliwm paspalodes and Ceresia fluitans. The monograph of 
Le Conte enumerates eighteen species, of which four or five had 
not been previously described and may be counted new species 
or varieties. All these are indigenous to the Atlantic States; 
the additional ones of the Southwest had not, probably, been 
collected at the time of this monograph. 
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JULY 6. 
Mr. Usetma C. Situ in the chair. 


Seven persons present. 


JULY 13. 
Mr. Tos. MEEHAN, Vice-President, in the chair. 


Ten persons present. 


On Torsion in the Hollyhock, with some observations on cross- 
fertilization—Mr. Mrrnan observed that the torsion of the 
opening flowers of the hollyhock was towards the sun; but after 
the expanded flower had become fertilized, and the flower closed 
for fading, the torsion was in the contrary direction. The same 
thing occurred in Hibiscus rosa-sinensis. He had no opportunity 
to this date to note the facts in other Malvacee.! As a general 
rule the spiral revolutions of plants are uniform through every 
stage of growth, at least this is the general teaching of botanists. 
Prof. Goodale notes (“ Bot. Text Book,” vol. ii, p. 407), that in 
the Tropics, some plants twine indifferently from right to left. 
If we had given thought to the manner in which secund inflores- 
cence is arranged, we might have seen that the torsion is anything 
but uniform throughout the same plant, for a secund raceme 
could only be formed by the twisting of each succeeding flower 
in an opposite direction. This alternation of convolution is 
indeed necessary in a branch with a horizontal direction in order 
that each flower along the spiral should assume an erect attitude. 
When a horizontal or geotropic branch assumed an upright posi- 
tion, the inflorescence was necessarily secund. One might almost 
infer that secund inflorescence had its origin in geotropic plants 
which had retained the power of alternate torsion after assuming 
the erect form. So little is known of the laws operating in 
connection with the turning habits of plants and flowers, that 
every fact is of value, and this one relating to the reversal of the 
direction in these two malvaceous plants, and probably in others 
of the same order, must be worth placing on record. 

Mr. Meehan further noted that the hollyhock, notwithstanding 
its gaudy coloring and general attractions to insects, is a self- 
fertilizer, and that insects rather aided than otherwise in this 


1 The author has since noted that in Palava flexuosa the flower twists 
also in the direction of the sun, and in the contrary direction when fading, 
but in Callirhea involucrata the flower is twisted against the sun, when 
fading as when opening. 
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self-fertilization. The flower is strongly proterandrous. The 
stamens are mature and shed their pollen co-incident with the 
expansion of the corolla. The fasciculus of pistils at this time, 
have not reached half their growth, and is completely covered 
by the stamens, which form a dense mass in the centre of the 
flower. During the day, and the one succeeding, humble and 
honey bees make this crown of stamens their resting-place. 
During these two days the pistils have not yet thrust their 
stigmas above the stamens that crown them. If now we cut a 
flower through longitudinally, we shall find that a very large 
quantity of pollen has fallen down within the bundle of pistils— 
this gathering of pollen being evidently aided by the feet of 
insects that made a landing-place of the staminal crown. Up 
to this time, however, the pistils not having come to maturity, 
the pollen thrust in among them would have no physiological 
significance. But on the morning of the third day, the pistils 
protrude and are in receptive condition, and they bring up with 
them large quantities of pollen, so completely covering the 
surface of each pistil that it would seem almost impossible for 
any grains of foreign pollen to find any lodgment for effective 
use; and though a grain of foreign pollen should get an oppor- 
tunity to perform its function, it must be evident that the 
flower’s own pollen has the earliest opportunities for usefulness, 
and must in almost every case be the fertilizing agent. An 
interesting note may be here recorded in reference to the 
power of own-pollen over fertility. Mr. Darwin in his “Cross- 
and Self-Fertilization,” page 141, referring to his single experi- 
ment among malvaceous plants, Hibiscus Africanus, found a 
larger number of crossed flowers produced capsules than among 
the self-fertilizing ones; but in the case of these evidently self 
fertilized flowers, no one seemed to fail in producing seed— 
every pistil, indeed, producing a perfectly fertile carpel. At the 
end of the third day the flowers closed, twisting in the opposite 
direction, as already noted. 


On Projection of Pollen in the Flowers of Indigofera.—Exhib- 
iting some flowers of Indigofera Dosua, Mr. MEEHAN remarked 
that the peculiar bending back of the carina in the flowers 
of Indigofera has been long known. Referring to the whole 
genus, Don, in the General History of Dichlamydeous Plants, 
published in 1837, says, ‘‘ Keel furnished with a subulate spur on 
both sides, at length usually bending back elastically.” In 1863 
Decandolle and Treviranus, in Botanische Zeitung, page 3, refer 
to this bending back of the keel and say it is not an elastic 
motion, but simply a falling down on the full development of the 
flower; and the latter remarks, as quoted by Henslow, that “all 
these movements occur in the natural development of the parts, 
and only after self-tecundation takes place.” Dr. Hildebrand, in 
the same magazine for 1866, seems to admit that finally the keel 
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will fall dow from sheer maturity, but thinks insects in the search 
for honey may anticipate this natural development. The Rev. 
Geo. Henslow, in the ix vol. (1868) of the Journal of the Lin- 
nean Society, page 357, commenting on these statements, suggests 
that though self-impregnation may be possible, the jerkings of the 
stamens when the carina falls away, causes the pollen to scatter 
over the insects, which then carry the pollen to other flowers. In 
the x vol. (1869), p. 468, he notes that when the carina is liberated 
it falls back with a jerk, as noted by Don, and that the stamens 
fly up and closely press the vexillum. But no opportunity oc- 
curred to him of observing what insects effected this process 
which he accomplished artificially. In Mr. Meehan’s grounds the 
East Indian Indigofera Dosua is a hardy shrub, and for the past 
two years, he said, he had watched the behavior of the flowers, 
and the insects that visited them. The carina is arched and 
hooded, and extends so far over the apex of the stigma, against 
which it presses, that both the stigma and column of stamens are 
borne down to a right angle with the vexillum. The effort of the 
stamens and pistil to rise, and of the carina to recurve, keeps 
these portions in an exactly horizontal position. The anthers 
burst while thus enclosed in the carina, but the pollen does not 
escape, nor does it reach the stigma, for the pistil extends beyond . 
the anthers, and its apex is pressed strongly against the carina, 
and no pollen can possibly reach the apex. The two wings of 
the flower are caught in the subulate spurs, and are borne down 
to the horizontal plane with the carina, and together form a level 
platform on which insects in search of honey alight. Humble- 
bees, honey-bees, and numerous species of sand wasps visit the 
flowers, but in no instance was an insect’s visit found to be effectual 
in liberating the stamens and pistil from the grasp of the carina. 
This was only accomplished by slitting the upper portion of the 
carina with a penknife. Then the divided carina would instan- 
taneously fall back, and the stamens and pistil jerk upwards, 
scattering a little cloud of pollen in every direction. In some 
cases pollen so scattered would light on a stigma, but in many 
cases the pollen would be so completely projected that none 
could be traced to the stigma, and these probably received 
pollen from the upper flowers where they in turn projected their 
pollen. Possibly many were by this time too mature to profit by 
the pollen they received, at any rate only a very small pro- 
portion of the flowers matured seed vessels. In the older 
flowers, the carina evidently became separated from the stamens 
and pistil only when withering away. 

Mr. Meehan remarked in conclusion, that, as noted by authors 
quoted, so far as his observations in this part of the world 
(Philadelphia) with this single species goes, the behavior of the 
flowers were neither favorable to self-fertilization nor cross- 
fertilization. If insects had pollen scattered on them, there is 
no way by which it could be communicated to the pistils of 
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other flowers. The stamens were not liberated naturally till the 
flower had lost all attractions for insects, and the act of 
liberating and scattering the pollen gave the pistil its first chance 
for pollinization. The great probability is that in the majority of 
instances the flowers are self-fertilized. 

On Parallelism in Distinct Lines of Evolution.—Exhibiting 
some oak and chestnut leaves, Mr. MeEHAN remarked that the 
fact and the theory of evolution are distinct lines of thought. 
There seems no difficulty about the fact. That one form may 
and has been born of a pre-existing, and often very distinct form, 
cannot be disputed. What induces this change is another matter. 
It is here that science desires more light. A popular belief is 
that change of circumstances leads to change of form. This 
theory is embodied under the word “environment.” In other 
words, plants, in their changes, are the “creatures of circum- 
stances.” In some sense this must be true. A seed will not sprout 
unless there be a necessary “ environment” of heat and moisture, 
but this is not the sense in which “‘ environment,” as the term is 
here used, is generally understood. If one were to say that under 
a torrid temperature, endured for ages, a light-skinned, fair-haired 
Caucasian, might have descendents that were like woolly-headed, 
dark-skinned negroes,it would come nearer the general understand- 
ing of the term “environment,” than some would limit it to. The 
speaker’s observations and studies had led him to what might, 
perhaps, be regarded as the minority view. Circumstances— 
‘environment ’—seemed to have no further influence than to 
incite to action a change already ripe for development. In a 
paper read before the American Association for the Advancement 
of Science, 1874 (See Proceedings Hartford Meeting, p. 6, Natural 
History), he presented a number of facts to show that “‘ change 
by gradual modification is not the universal law.” New forms 
“jumped ” into existence, and frequently these new forms were 
diverse from each other, under precisely the same “‘ environment ” 
so far as human knowledge had yet reached, as had been the sur- 
rounding circumstances of the parent form. Since that time he 
had contributed numerous observations to the Proceedings of the 
Academy and elsewhere, confirming these views. 

To-night he would offer to the Academy some thoughts in a 
new line, but confirmatory of the same views. He exhibited some 
different forms of the American Quercus Prinus—the chestnut 
oaks, and a dwarf species from China, Quercus Chinensis of 
Bunge. Also some specimens of various forms of Castanea Vesca 
—the chestnut, and of Castanea pumila, Mx.,the chinquapin. It 
would be conceded by any evolutionist conversant with plant 
forms, that the chestnut and the oak are not remotely descended 
from the same parent. We may suppose, for the sake of argument, 
that “ use or disuse,’’ or some other item in the general catalogue 
of “environment ”’ had affected some portion of the structure of 
the original parent, and resulted in a slight modification, leading 
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towards an ultimate oak or a chestnut, as the case may have been. 
But when we take the subsequent changes—the evolution of the 
species of oak, and the species of chestnut, each class from its 
primordial oak or chestnut, and observe the same parallel lines 
of change in each, it is difficult to conceive how this exact paral- 
lelism could have come about except under a fixed law of change, 
which provides that when changes occur they shall be in strict 
accordance with a prior plan by which nature herself is bound— 
laws by which, if we could only ascertain them, we could ourselves 
foresee and define the forms that are yet to be a thousand years 
beyond our time, and which no mere accidents of environment 
could alter or delay. 

The oaks exhibited, though when we have the fruit we can see 
they are oaks, have the foliage so like the chestnut that it is 
difficult to determine them. The dwarf species from China is so 
nearly like a chestnut, that only by the absence of the setaceous 
teeth that edge the chestnut leaf, can we see any difference. But 
the leaves are of a thicker texture than the other chestnut oaks— 
the serratures are finer and closer together, and the undersurface 
of the leaf is cinereous, while the chestnut oaks exhibited in com- 
parison are of the same tint on both sides. 

Now we take the clestnuts. We have the larger growing 
species as we have the larger growing chestnut oaks—the leaves 
are light green on both sides, and vary in the toothing, just as 
the chestnut oaks do—variation in each class is exactly parallel. 
The parallelism extends to the formation of a dwarf species. We 
have a dwarf chestnut, Castanea pumila, just as we have a dwarf 
chestnut oak, Quercus chinensis, and the parallelism extends to 
the sub-characters, for the dwarf chestnut, the chinquapin, has 
leaves of a thicker texture, the serratures are finer, and the under- 
surface of the leaf is cinereous, while the chestnuts exhibited are 
of the same tint on both sides. 

Mr. Meehan finally remarked that the facts seemed to him 
stronger arguments in favor of evolution than many usually 
offered. That the changes in two very distinct genera that we 
only assumed to be syngenital, should be so nearly of a parallel 
character in each, is proof they were carrying outa plan originally 
common to both. While the fact that these original provisions, 
as we must regard them, for these special forms have been so 
faithfully carried out—the one on the American continent, the 
other in Eastern Asia—despite the varying conditions of mere 
“environment,” shows how light a factor external circumstances 
are in the evolution of forms. 


JuLY 20. 
Mr. THomas MEEHAN, Vice-President, in the chair. 


Thirteen persons present. 
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JULY “27: . 
Dr. J. BERNARD BRINTON in the chair. 


Thirteen persons present. 
A paper entitled “ History and Biology of Pear Blight,” by J. 
C. Arthur, was presented for publication. 


AvGusrT 3. 
Mr. Tos. MEEHAN, Vice-President, in the Chair. 


Eleven persons present. 


Oriskany Sandstone in Lycoming Co., Pa.—Mr. Lewis Woot- 
MAN remarked that, accompanied by a resident of Lycoming Co., 
Pa., he had recently made a tour through that and the adjoining 
county of Sullivan, with an eye to the geological features of the 
region, using as a guide the most recent publications of the 
Second Survey. In Hand Atlas X, the Oriskany formation is 
omitted from the map of Lycoming County, while the text speaks 
of it as “ being absent.” It is also omitted from the larger map 
accompanying the Second Survey. He was, therefore, surprised to 
find on the roadside, at the village of Pennsville, Muncy Town- 
ship, blocks of the sandstone, containing its characteristic fossils. 

Further examination resulted in finding a belt of this forma- 
tion; not, however, making the bold, elevated ridge it so often 
does elsewhere in the State, but existing as a prominence upon 
the lower slope of the hill that rises from the north side of the 
village, the ascent beyond being over the lower members of the 
Hamilton group. Time at command being limited, the formation 
was traced only about a mile, but without finding it to disappear. 
The Friends’ meeting house at one end of the village, and the 
schoolhouse at the other end, both stand upon this ridge. The 
former has its corners pointed with this sandstone, from an old 
quarry in sight, while all around the latter are strewn weather- 
worn fragments, beautifully exhibiting the fossils. Several of the 
houses and barns intermediate are also situated upon this forma- 
tion, and for some of these it has furnished building material. 

The location of the belt is within the area, shown on the maps 
as Hamilton, and a few hundred feet from the division there 
marked as separating that group from the Lower Helderberg. 
Along the lawn leading to the country residence of William 
Ellicott, the rock was seen in place, pointing upward over the 
anticlinal forming Bald Eagle Mountain. A letter from his com- 
panion states that he has since found this rock upon the other 
side of the mountain, in Clinton township. 
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Upon careful comparison of fossils in fragments brought home, 
the following were identified as exactly agreeing with those 
figured by Hall, from the Oriskany of New York, viz.: Spirifer 
arenosus, Spirifer arrectus and Rensselaeria ovoides. 


Aveust 10. 
Mr. Tuos. MEEHAN, Vice-President, in the chair. 


Fifteen persons present. 


Notes on Lilium tigrinum, Gaul.—Mr. MrErHan remarked that 
on the 7th of August he was attracted by the large number of 
honey bees (Italian) among the flowers of Lilium tigrinum. 
There were hundreds of flowers, and every flower had from one 
to six bees in them. They were not coming and going with the 
usual expedition of honey-seeking or pollen-collecting workers, 
but were taking things leisurely, as when feasting on a ripe peach, 
or some other soft, sweet, and spongy fruit. It was found that 
they were feeding or sucking the juices from the papille that 
form a ridge at the base of each division of the perianth. These 
papillz are very numerous, minute and transparent, under a lens 
resembling ice crystals. They are formed in two lines, but ap- 
proximate till they resemble a single gray line, extending from 
the base upwards for an inch in the centre of the segment. 
Several species of butterflies—notably some large Papilios, and 
some smaller Eudasmias, were sharing the repast with the bees. 
An examination showed that the papillz had been pretty well 
‘‘ chewed ” up—the term “ chewing ” being used notwithstanding 
the seeming impossibility from the structure of the bee’s mouth, 
that it can chew in the ordinary acceptation of the term. A 
quantity of this papillose matter, gathered together on the point 
of a penknife, did not indicate any sweetness, or anything beyond 
moisture that would be popularly supposed to prove attractive 
to bees. Inside a flower just ready to expand, a considerable 
amount of moisture is excreted from the surface of the perianth. 
In this liquid no sweetness, but some slight astringency could be 
detected. Not even at the base, where in flowers nectar is usu- 
ally secreted, could any sweetness be detected. It has been 
broadly stated that color and fragrance are of use to flowers only 
as they may serve to attract insects for purposes of pollinization ; 
and that gaudy flowers haveno fragrance. But some gaudy lilies 
are very sweet, and here we have a gaudy flowered species that 
seems to have nothing in the way of sweets after an insect has 
been attracted. Though feasting on the cellular matter, the bees 
in no way assist in pollination. It is difficult to imagine what 
relation the bees can have to any good economy in plant life in 
this instance. The plant produces no fruit in this part of the 
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world; but this is evidently from some failure of nutrition, for 
when it is served with its own pollen, or the pollen of other plants 
or other species, it is alike barren. 

At pages 412, 413 in the Proceedings of the Academy for 185, 
he had called attention to the fact that in many species of lily, 
where the flower is cernuous, the point of bending straightened 
after fertilization; and the ovarium, pendulous in flower, became 
erect. There are some in which the flowers are always erect, and 
they seem to be just as successful in their several economies, as 
those that are at first cernuous, and afterward erect. At that 
time, with this reflection, it seemed to him reasonable to suppose 
that the bending down of the flowers in some species was not a 
matter of choice with the flower—if one might metaphorically use 
this expression—but was the result of a curving of the stem made 
for some other reason in plant economy than for good to the 
flower or its special objects alone. But here were some specimens 
of Lilium tigrinum that had blown over when young. The 
pedicles from these stems went straight down towards the earth 
and bore the expanded flower without the slightest curve. The 
flowers on the erect stems are all on recurved pedicels. Though 
we are still without light as to what advantage the recurved forms 
gain over the erect ones, this little incident teaches us, at least, 
that it is the flower that demands the curve, and not a case of a 
curve demanding a pendulous flower. 


Fishing Lines and Ligatures from the Silk-glands of Lepi- 
dopterous Larve.—A communication was received from Miss 
AvDELE M. FIexps, stating that in the locality from which she 
wrote, Swatow, China, the silk-glands are taken from the larve 
of several species of large lepidopterous insects just before they 
enter the pupa stage, and are made into fishing lines. At this 
period in the life-history of the insect, the glands are full of the 
viscid white substance from which the cocoon is to be spun. The 
silk-glands of a species of Atlas were found to be one yard long, 
a tenth of an inch in diameter at the free, posterior end, and a 
hundredth of an inch in diameter at its anterior end. The two 
glands extend nearly the whole length of the body cavity, on 
either side of the alimentary canal, lying in loops of varying 
length, and uniting in a single duct under the mouth, as in the 
silk-worm, Bombyx mori. The Chinese make a transverse cut 
across the back of the caterpillar, take hold of one of the loops 
of the silk-gland, draw it out entire, drop it in vinegar to take 
off its external coat, then stretch it to double or treble its 
original length, and dry it. A durable filament is thus formed, 
strong as catgut,and much cheaper. The tenacity of the fila- 
ment is constantly restored by soaking it for a few minutes in 
warm rice-water, that is, in the water in which rice has been 
boiled for food. The fishermen say that when thus prepared a 
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line will hold the largest fish taken on the coast. It was found, 
however, that a single filament would not sustain more than 
four and a half pounds. Dr. Causland, in charge of the Hospital 
in the English Presbyterian Mission at Swatow, had successfully 
used these filaments for tying arteries in surgical operations. 
It was suggested that the cocoon-spinning lepidoptera of the 
United States might furnish in their silk-glands, for the joining 
of wounds, a thread which would have all the virtues of spun 
silk, without its objectionable traits. Silk-worms have been 
successfully reared in the neighborhood of Swatow, on lettuce, 
the silk from such caterpillars being coarser than that from 
those fed on mulberry leaves. 


Avaust 17. 
Mr. CHARLES Morgzis in the chair. 
Twelve persons present. 


On the Effect of Scorpion Stings.—The following communica- 
tion was read from Mr. Epw. H. Tuompson, United States Consul 
at Merida, Province of Yucatan :— 

“T am advised of an interesting letter from Dr. Gonzalez, of 
Durango, read by Dr. Leidy before the Academy, in which men- 
tion was made of the extremely venomous character of the 
Mexican Scorpion. 

““T would state that while many cases of scorpion stings have 
occurred within the range of my personal observation, I have yet 
to record one that has even approached a fatal termination. 
During the month of January last, while exploring some of the 
ruined cities of the interior, two of my men, native. Mayas, were 
stung by scorpions dislodged from the ruined walls, one receiving 
a sting upon his shoulder, while the other was punctured directly 
upon his naked back, and very close to the spine. 

“The man receiving the sting upon his shoulder was soon 
relieved by a few applications of strong ammonia. The other 
complained for some time of a numbness almost approaching 
paralysis. This feeling, however, was not sufficient to prevent 
him from keeping upon his horse. After I had applied the 
ammonia, and when at the end of a hard day’s ride we dismounted, 
he had practically recovered. 

‘“Of thirteen cases noted by me within a short while, but two 
were of a serious nature. One was the case of my native boy, 
and the other was that of a young Englishman who, stung upon 
the thumb, remained in an almost paralyzed state for several 
hours, eventually recovering. It may be well to state, in relation 
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to this case, that the young man had been in the country but a short 
while, and was at the time exhibiting the physical effects of such 
a radical change of climate. 

“In making the above statements I do not wish it to be under- 
stood that I impugn the truth of the statements of Dr. Gonzalez. 
Durango and Yucatan are two States in the Mexican Republic 
widely separate, and circumstances governing as facts in the one 
may not so govern in the other.” 


The Form of the Pupil in Snakes.—Mr. Locktneton stated 
that amongst the colubriform snakes, the Boide, a family which 
has its headquarters in South America, and has representatives 
in the West of this country, have elliptical vertical pupils, like 
those of rattlesnakes. At least, this is the case with Boa con- 
strictor, B. eques, Hunectes murinus (the anaconda), Xiphosoma 
caninum, and Xomolochirus multisectus. The Acrochordide, or 
wart-snakes of eastern Asia, have circular pupils. The ven- 
omous snakes with fixed fangs are usually classed in three 
families: Elapide, Naiide, or cobras, and Hydrophide, or sea- 
snakes. Some herpetologists unite the first two families. As 
far as the shape of the pupil goes, they seem to agree. Naja 
tripudians, the cobra, Naja haje, the African asp, Pseudechis 
porphyriacus, Sipedon hemachates, have circular pupils, as well 
as the species of Bungarus and Hlaps. The sea-snakes, so far as 
examined, have circular pupils. This is the case with the com- 
mon and well-known Pelamys bicolor, with Hydrophis palami- 
doides, H. gracilis, H. nigrocinctus, Disteira dumerilii, and Pla- 
turus fasciatus. 

Among the snakes with movable fangs, the Crotalide (rattle- 
snakes), and among the Viperidz, examples of the genera Clothe, 
Pelias, Vipera and Cerastes, have elliptical pupils, but Causus 
rhombeatus (Causide) has rounded ones. It is thus evident that 
the form of the pupil has no relation to the venomous or non- 
venomous character of the snake. 


Aveust 24. 
Mr. Tuos. MEEHAN, Vice-President, in the chair. 


Nine persons present. 


A paper entitled “On the Fertilization of Cassia Marylandica,” 
by Thomas Meehan, was presented for publication. 

The death of Wm. R. Cruice, M, D,,a member, August 15, 
1886, was announced. 
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Aveust 31. 
The President, Dr. Jos. Lrrpy, in the chair. 


Fifteen persons present. 


The death of Roger Sherman, a member, was announced. 
C. L. Kilburn was elected a member. 
The following were ordered to be printed : 
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REVERSE VISION. 
BY CHARLES MORRIS. 


The fact that we perceive objects in their correct position, 
while their impression upon the retina is a reversed one, forms a 
problem which has given rise to much speculation, often unprofit- 
ably metaphysical, in the effort to explain it. None of these 
theories of the older writers now remain current. More modern 
authors give explanations which are little more satisfactory. 
Giraud Teulon says: “‘ The retina sees or localizes objects where 
they are; that is what we call ‘erect;’ if the picture be reversed 
it is a mere matter of geometry.” Helmholtz says: ‘Our 
natural consciousness is completely ignorant even of the exist- 
ence of the retina and of the formation of images; how should 
it know anything of the position of images formed upon it?” 
It cannot be claimed that these remarks are explanations, and we 
may proceed to the more elaborate theory advanced by LeConte, 
in his work on “Sight.” He remarks that “the retinal image 
impresses the retina in a definite way. This impression is then 
conveyed by the optic nerve to the brain, and determines changes 
there. . . . And then the brain or the mind refers or projects 
the impression outward into space as an external image, the sign 
or facsimile of an object producing it.” He proceeds: “ The 
law may be thus stated: When the rays from any radiant. strike 
the retina, the impression is referred back along the ray line 
(central ray of the pencil) into space, and therefore to its proper 
place.” 

It cannot be said that his arguments are sufficient to establish 
this theory. That we mentally refer an impression to the nerve 
extremity that received it is unquestionable, and where a limb 
has been lost, impressions seem to be referred to the location of 
the original nerve termination. But this is very probably a 
result of long-continued hereditary influences, through which 
each nerve becomes adapted to give a mental picture of the loca- 
tion of its impressions, and continues to do so even if touched 
at some intermediate point. In the case of sight, no localized 
reference to the nerve extremity exists. In this sense the source 
of our impression seems external to the body. And yet this is 
in all probability equally a result of hereditary accommodation. 
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What we really perceive is the impression produced upon the 
retina, which is transmitted by the optic nerve to the brain. The 
theory that the brain or mind, by some secondary action, physically 
refers this sensation back again to the nerve extremities, or even 
projects it beyond them into space, along reversed lines, has no 
warrant in known physiological facts. Far more probably the 
seeming projection is a mental action only. Natural selection 
may have adapted each nerve to yield a sense of the distance 
and direction of its impressions and, therefore, of their external 
location. An animal destitute of such sense would be unable to 
estimate the exact point of a threatened danger, and only those 
capable of localizing their sense impressions could survive. Yet 
if the brain estimates the distance from which any sensation 
comes only through conditions hereditarily existing in the trans- 
mitting nerve, the idea of referred sensations, with all theories 
based upon it, falls to the ground. The reference of a pain to 
the natural location of an amputated foot would form a constituent 
portion of the impression conveyed to the brain by the nerve 
which formerly passed to that foot. In like manner the optic 
nerve may, among its hereditarily-gained powers, have that of 
referring its impressions to a point beyond the nerve extremity— 
or in external space, the locality from which danger from visible 
objects comes. But this would have no bearing upon the ques- 
tion of the character of its impression, the retinal image as a 
whole being mentally transferred to an external region, but in no 
sense changed in character. The question seems to be solely one 
of a certain power or strength possessed by the nerves, through 
which each of them indicates that location of its impressions best 
adapted to the efficiency of protective activity. In the case of 
sight this distance would necessarily be beyond the actual posi- 
tion of the retina, and external to the body. The same rule 
holds good in the case of sound. In every case it is very prob- 
ably a resultant of long-continued natural selection. 

We do not actually see objects. We simply perceive the 
images of them which are impressed upon the retina. This 
stands as a picture-plane between our mind and the universe. 
We perceive the impressions with which it is affected—incor- 
rectly, if this affection is in any sense an incorrect one. But the 
conception gained from these impressions is subject to mental 
accommodations, the result of experience and of hereditary influ- 
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ences ; and we may, therefore, gain a correct idea from an impres- 
sion which is physically incorrect. 

Though the retinal image seems to be referred by the optic nerve 
to a position external to the eye, yet it is certainly not exactly 
located by the sense of sight, and the mental accommodations 
above mentioned are the locating influences. It is said that toa 
blind man suddenly restored to sight, the surrounding objects 
seem like the details of a picture, and within easy reach. He 
appears to see the retinal picture, somewhat projected, but with 
no correction except that the reversal of the image does not 
appear. Our perception of roundness or solidity is, then, a 
result of experience. This is followed by a knowledge of rela- 
tive distance, comparative location being one of the most appar- 
ent relations between objects. But the actual distance of objects 
which are somewhat removed from the body is learned by experi- 
ence, aided by several of the senses. Of more distant objects, 
we seldom properly estimate the actual distance. All this, how- 
ever, is a result of the action of the reasoning powers, guided by 
the senses. The evidence of the blind man assures us that what 
we actually see is the retinal image, somewhat projected into 
space, and differing from an ordinary picture mainly in that it is 
perfect in its lights and shades, and thus forcibly tends to pro- 
duce that illusion of solidity which is the effect sought in all 
pictures. The only correction is that of the reversal of the 
image. This correction, therefore, seems a natural one, inherent 
in the sense or the mind. 

In attempting an explanation of this phenomenon, in view of 
the considerations above taken, the question may be asked: In 
what way can the mind discover that there is anything incorrect 
in the direction of the retinal image? To do so it must have 
some standard of direction with which the impressions upon 
the retina can be compared, and their agreement or disagree- 
ment observed. If there be any such standard, it must exist in 
one of three locations: on the retina itself, in external nature, or 
in the mind. If on the retina, it could only be some line, or 
group of lines, apparent to sight, and serving as directive guides 
with which to compare retinal impressions. It need not be said 
that nothing of the kind exists. 

The standard of comparison, therefore, by whose aid alone we 
can discover that the retinal image is reversed, if it exists, 
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must do so either in the mind or in external nature. If it be 
internal, it must be of the nature of an idea—an innate sense of 
absolute direction, a mental power by which we can at once 
distinguish the truth or falsity of any apparent direction. That 
we have any such idea of the absolute, is in itself highly improb- 
able. It may, in fact, be readily disproved. We are aware that 
the revolution of the earth on its axis reverses the absolute direc- 
tion of all the objects upon its surface every twelve hours. And 
yet this reversal is not perceptible to us. The direction of all 
objects, as related to that of our bodies, remains unchanged, and 
this relation is all that we perceive. Indeed, we must have 
remained forever ignorant of the revolution of the earth but from 
the fact that the spheres of space do not revolve with it. These 
retain their positions in space, while those of all objects upon the 
earth change. They, therefore, serve us as standards of compari- 
son by whose aid we intellectually discover the earth’s motion.’ 
We never become sensibly aware of it, for the only motion 
apparent to us is that of the spheres of space. We impute 
motion to objects at rest, and rest to objects in motion. This 
error could not arise, had we any innate idea of absolute direc- 
tion, or an internal standard of comparison. Therefore the mind 
in itself is incapable of perceiving that there has been a reversal 
of the retinal image. It has no faculty of deciding on questions 
of direction, and what is relatively correct is absolutely correct 
to its perceptive powers. 

If we have no internal or retinal standard of direction, have we 
any external one? No object upon the earth’s surface will serve 
this purpose. The images of all objects alike are reversed upon 
the retina. The same is the case in regard to the spheres of space. 
They do not retain their true positions in this case, as in the 
former case considered, but are reversed in direction, and the 
whole universe is turned upside down by the crystalline lens of 
the eye, and is perceived by the mind thus reversed. Though 
nothing is absolutely correct, everything is relatively correct in 
direction, and we have no guide to teach us that such a reversal 
has taken place. 

The fact is that in this, as in the other case, we involuntarily 
take our body as the measuring rod of the universe. Distance is 
at first estimated by the length of the arm, dimension by the 
spread of the fingers and the sweep of the arm, and direction by 
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that of the body. Our knowledge that the retinal image is 
reversed is not gained by perception, but by our study of the 
laws of optics. We conceive of a picture upon the retina whose 
direction is reverse to that of the body, and are puzzled to under- 
stand why the mind does not perceive it thus reversed. In this 
we are comparing sensations with ideas. The image of the body 
is also reversed upon the retina, and thus its direction, as optically 
recognized, agrees with that of all other objects. Our accepted 
standard of direction therefore fails us in this particular. The 
universe, aS perceived by the mind through the medium of the 
eye, is relatively in harmony in all its particulars of direction 
and position, and unless the mind had some innate conception of 
absolute direction, it would be impossible for it to discover that 
a reversal of the image had taken place. We have already shown 
that it has no such innate ideas of direction, and is entirely depend- 
ent upon its perceptions in this particular. The body, our accepted 
standard of direction, is perceived to be erect as compared with 
our perception of the earth’s surface. All other objects upon 
this surface bear the same relation to it, and we have no means 
of discovering that we are optically deceived, except by a second- 
ary process of reasoning, based upon the laws of optics. No 
tree, for instance, could seem to us upside down unless the earth’s 
surface seemed upside down, which is impossible. 

The mystery in which this question has been so long involved, 
therefore, vanishes when considered from this point of view. 
The mind fails to discover that its optical image is reversed 
simply from the fact that this reversal includes all things, nothing 
retaining its erect position to serve as a standard of comparison, 
and from the second fact that the mind has no innate idea of 
direction to make it aware of its error. There is no error in our 
perception. Relatively it is in every particular correct, and of 
the absolute we have no knowledge except through the process of 
reasoning.! 


1 Since forming these theoretical views, the writer has become aware that 
the same theory has been previously presented. Dr. William Mackenzie— 
‘‘Physiology of Vision,’ London, 1841—says: ‘‘In the image on the 
retina, the relative position of the parts of the object remain unchanged, 
as well as its relations to surrounding objects. The images of all objects, 
even those of our own bodies, are equally inverted on the retina, and there- 
fore maintain the same relative position. Even the image of our hand, 
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while used in touch, is inverted. Hence, the notion is evidently absurd, 
that infants at first see objects upside down, and learn to see things in their 
proper positions, by comparing the erroneous information acquired by sight 
with the accurate information acquired by touch. Many of the lower 
animals manifest a perception of the true position of objects by means of 
the sense of sight from the very first, and before any experience derivable 
from touch can have had time to operate. To some philosophers, then, 
there appears no difficulty respecting erect vision, so long as all things 
equally, and not some objects only, are seen by means of impressions coin- 
cident with inverted images.’’ He further says: ‘‘The mind neither views 
the images on the retina, nor is in any way conscious of their existence.”’ 
This theory is so identical with the one we have given, as to render the 
latter, in a considerable sense, a repetition. Yet Mackenzie’s views do not 
seem well known, and are worth restating. Moreover, his theory is far 
from being fully argued out, and no theoretical views can be held as in any 
sense substantiated until they have been shown to be logically defensible. 
This we have attempted to do. The hypothesis we have given of the prin- 
ciple through which nerve impressions are mentally localized in position 
has, we believe, not been previously advanced, but is here first presented. 
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NOTICES OF NEMATOID WORMS. 


BY PROF. JOSEPH LEIDY. 
Filaria scapiceps. 

Body cylindrical, nearly equally tapering at the ends. Cephalic 
extremity abruptly narrowing, cylindric, rounded at the summit 
and smooth. Mouth a terminal pore without labia, papille or 

inner armature. Caudal extremity 

of female nearly straight, conical, 

obtusely rounded, smooth, without 

appendages; of the male curved, 

Side view of the caudal extremity of COHical, obtusely rounded alate and 

the male. 125 diameters. papillate; ale half oval; papille 

five pairs, pyriform, successively decreasing to the last at the 

end of the tail. Genital aperture opening between the ante- and 
penultimate papille ; penal spicules short, curved. 

Female 25 to 30 mm. long; 0°75 wide at middle; head 0°175 
wide. Male 12 mm. long; 0°375 wide at middle. 

Hight females and five males were obtained from beneath the 
skin of the hind foot of a rabbit, Lepus sylvaticus. 


Filaria obtunsa. 


Body cylindrical, nearly uniform; head conical, obtusely 
rounded, or rounded truncate, smooth; mouth a minute central 
pore, devoid of lips, papillz, or internal armature; caudal end of 
female straight, conical, obtusely rounded, devoid of papille; of 
male abruptly narrowed, a length about equal to the breadth of 
the body, nipple-shaped, obtusely rounded and devoid of papille. 
Female genital aperture near the head end. Male aperture ter- 
minal; penis of a longer curved spicule and a spiral one of half 
the length. 

Female 4 inches or more long, 0°625 mm. wide. Male 2 inches* 
long, 0°5 mm. wide. Abundant in the visceral cavity of the 
snow bird, Junco hyemalis. = Filaria obtusa, Leidy, Pr. A. N.S&., 
1885, 10. 

In the meadow lark, Sturnella magna. = F. obtusa, Ibidem. 
Chester Co., Pa. Obtained by Dr. B. H. Warren. 

Many specimens from the visceral cavity of the meadow lark 
in the collection of the Army Medical Museum, Washington. 
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Female from 44 to 74 inches long, mostly to 6 inches; width 
0°625 mm. Male 24 to 34 inches. 

Four females and a male from the crow black bird, Quiscalus 
purpureus. They are proportionately more robust than the 
preceding. Female 4 inches long and 0°875 wide. Male 1} inches 
long and 0°5 mm. wide. Florida. Dr. B. H. Warren. 

I at first viewed this species as the Filaria obtusa, Rudolphi 
(Diesing, Syst. Hel., ii, 267). The caudal extremity of the male, 
with its penal armature, accords with Dujardin’s figure of that 
species (Helminthes, Pt. iii, fig. 7,2). In /. obtunsa I can detect 
no buccal armature such as exists in F’. obtusa, according to 
Dujardin; and later, Molin (Versuch einer Monographie der 
Filarien, Sitzungsb. Wien. Akad. Wis., 1858, 397). 


Filaria cirrura. 

Body cylindrical, nearly equal, cephalic end conical, rounded 
truncate, smooth; mouth a minute funnel-like orifice without 
papillz or interior armature; caudal end of female slightly 
curved or nearly straight, conical, obtusely rounded, without 
appendages; of male closely rolled inward, conical, blunt, 
without ale or papillz ; penal spicule strongly curved, with the 
points projecting from the prominent genital aperture situated 
above the tail end. 

Length of female 16 mm., breadth 0°5 mm. Length of male 
10 mm., breadth 0°375 mm. 

Four females and two males from the orbit of the jackdaw, 
Quiscalus major. Florida. Dr. B. H. Warren. 


Filaria nodulosa. Rudolphi. Diesing, Syst. Hel., ii, 274. 

Body cylindrical, nearly uniform, slightly more narrowed 
behind ; head conical, obtusely rounded, with a circle of minute 
tubercles. Caudal extremity of the female straight, conical, 
obtuse ; of the male slightly curved, obtuse; genital aperture a 
little in advance of the tail end; penal spicules short, curved. 

Female 3 inches long, 1 mm. wide. Male 14 inches long, 0°5 
mm. wide. 

One of each sex from beneath the skin of the head and neck 
of a shrike, Collurio ludovicianus. Florida. Dr. B. H. Warren. 


Filaria stigmatura. 
Body filiform, nearly uniform cylindrical, but attenuated at the 
cephalic extremity; head rounded truncate, smooth; mouth 


310 PROCEEDINGS OF THE ACADEMY OF [1886. 


large, bordered by two or three ? minute, conical papille, unarmed 
within; integument smooth throughout, not annulate. Female: 
caudal extremity straight, smooth; tail straight or slightly bent 
back from the distinct anal aperture, conical, blunt. Male: 
caudal extremity spirally enrolled two or three times, furnished 
with narrow band-like granular alae sustained by twelve pairs of 
ribs or cylindroid papille, of which seven pair are preanal; tail 
curved conical, subacute; penal spicules, one four times the 
length of the other. 

Length of female 40 to 55 mm., breadth 0°5 mm. ; tail 0°3 long. 
Length of male 24 to 30 mm.; breadth 0.375 mm.; tail 0°25 from 
genital aperture. Long penal spicule 0°88 mm.; short one 0:2 
mm. 

Pharynx cylindrical, 0:25 mm. long; csophagus cylindrical, 
slightly expanded at lower end, 3 mm. long; intestine nearly same 
diameter. Eggs thick shelled, oval, 0:04 long, 0°024 broad. 

A multitude of individuals obtained from the swimming blad- 
der of the lake trout, Salvelinus namaycush. Lake Superior. 
Dr. James H. Bissel. 

The species bears considerable resemblance to Ancyracanthus 
cystidicola (Rud, Schneider, Mon. d. Nematodon, 105), from a 
like position of Salmo furio of Europe, but it possesses distinct 
characters even generic. It also resembles Filaria denticulata 
(Ib. 102), but is devoid of the tegumentary spines and other char- 
acteristic marks of that species. 

Filaria helecina. Molin, Sitzungsb. Wien. Akad. Wiss., 1858, xxviii, 391. 
Filaria anhinge Wyman, Proc. Boston Soc. Nat. Hist., 1868, 100. 
Eustrongylus. Packard, Hayden’s Rep. U. 8. Geol. Surv., 1875, 735. 
Filaria Wymani. Leidy, Proc. A. N.8., 1882, 109. 

Numerous additional specimens from the brain of a dozen indi- 
viduals of Plotus anhinga. Florida. Dr. B. H. Warren. 


Trichosomum tenuissimum. Diesing, Syst. Helm., ii, 256. 

Body cylindrical, obtuse at both ends, viviparous. Four females, 
7 lines long by 0°25 mm. thick. Intestine of the dove, Zenaidura 
carolinensis. From two birds. Florida. Dr. B. H. Warren. 


2 Monopetalonema eremita. 

Body cylindrical, slightly narrowest anteriorly ; head with an 
annular expansion of the integument, which is more dilated 
below; mouth with a pair of half-conical lips, divided into four 
papille at the apex ; tail short, straight, conical, obtuse. 
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A single female 19 lines long and nearly 1 line thick at the 
middle. Obtained by Dr. J. Van A. Carter, from the masseter 
muscle of a badger, Meles labradorica, at Ft. Bridger, Wyoming. 

The head and mouth have the characters of Physaloptera. Two 
apertures are visible in advance of the end of the tail, one at the 
distance of 0°25 mm., the other 0°625 mm. 

Ascaris simplex. Rudolphi, Diesing, Syst Hel., ii, 155. 


A large quantity, from the stomach of a dolphin, Lagenorhyn- 
chus? Pacific ocean. Dr. Wm. H. Jones, U. S. N. 


Ascaris compar. Schrank, Diesing, Syst. Hel., ii, 170. 

One male, 1? inches long. Intestine of the quail, Ortyx vir- 
ginianus. Florida. Dr. B. H. Warren. 
Ascaris vesicularis. Fréhlich, Diesing, Syst. Hel. ii, 148. 

Two females and two males. Intestine of the quail, Ortyx 
virginianus. Florida. Dr. B. H. Warren. 
Ascaris depressa. Rudolphi, Diesing, Syst. Hel., ii, 156. Intestine of Strix nivea, 

Leidy, Pr. A. N. S., 1858, 112. 

Two females 24 inches by 3 mm. Intestine of Strix brachy- 
otus. Florida. One female 13inches. Bubo virginianus. Chester 
Co., Pa. Dr. B. H. Warren. 


Ascaris ensicaudata. Rudolphi, Diesing, Syst. Hel., ii, 184. 

Labia large and prominent; apex of tail defined as a short 
ensiform appendage. Five females, to 3 inches long, by 1 mm. 
broad. Ejected from the mouth of a mocking bird, Mimus poly- 
glottus. Jacob Geismer. 

Ascaris microcephala. Rudolphi, Diesing, Syst. Hel., ii, 155. 

Numerous specimens from the stomach of the night-heron, 
Nyctiardea grisea. Chester Co., Pa. G. W. Roberts, through 
Dr. B. H. Warren. Specimens from Ardea herodias, Hydro- 
nassa tricolor and Botaurus mugitans. Florida. Dr. Warren. 
Ascaris spiculigera. Rudolphi, Diesing, Syst. Hel., ii, 157. 

From Graculus dilophus, Plotus anhinga, Pelicanus trachy- 
rhynchus and P. fuscus. Leidy, Proc. Acad. Nat. Sci., 1858, 
110; 1882, 109. Numerous additional specimens from the former 
two birds. Florida. Dr. B. H. Warren. 


Ascaris tenuicollis. Rudolphi, Diesing, Syst. Hel., ii, 160. 
Numerous specimens, all females, up to 14 inches long, and 2 
mm, thick, From the Alligator mississippiensis. 
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Ascaris anoura. Dujardin, Diesing, Syst. Hel., ii, 161. 

Numerous females, 3 and 4 inches long to 2 mm. thick. These 
were all suspended in the stomach, through double apertures of 
the mucous membrane, and thus tightly retained in position. From 
a snake, which, from the description, is supposed to be the milk- 
snake, Ophibolus. Obtained by Dr. James Bissell, in the vicinity 
of Harrisburg, Pa. 


Ascaris penita. 

Body cylindrical, tapering at the extremities, and most attenu- 
ated in front; mouth trilabiate. Tail of female, long, straight, 
conical, subulate; of male of same form, strongly curved, with 
the point brought near the genital aperture; provided at the pos- 
terior third with four pairs of papillz. Penal spicule remark- 
ably robust. 

Length of female 5 to 7 lines, by 4 line in width; of male, to 
5 lines, by 0°375 mm. in width. Numerous specimens from the 
intestine of Yrachemys scabra. Generative aperture of the 
female at the posterior third of the body. (Hsophagus long cyl- 
indrical, followed by an oval or spherical gizzard. Commence- 
ment of intestine dilated. Misophagus 1°75 mm. long, by 07125 
wide; gizzard about 0°25. Tail of female 1°25 mm. long. 
Breadth of penal spicules 0°08 mm. 


Physaloptera torquata. 

Body cylindrical, most attenuated anteriorly ; head with a con- 
spicuous narrow annular fold or collar; mouth bilabiate, labia 
half conical with a pair of lateral papillz and the apex provided 
with a group of four, of which one is external to the other. Tail 
short, conical, obtuse, recurved from the anal aperture. 

Numerous specimens, all females, from 3 to 6 lines wide and 
one-fourth of a line thick. Worms all more or less spirally coiled. 
From the stomach of the badger, Meles labradorica. 

Physaloptera turgida. Rudolphi, Diesing; Syst. Helm., ii, 233. Leidy, Pr. A. N.&., 
1856, 53. 

From stomach of the opossum, Didelphis virginiana. Collec- 
tion of the Army Medical Museum, Washington. Also received 
from Dr. Benjamin Sharp. 


Physaloptera abbreviata. Rudolphi, Diesing; Syst. Helm., ii, 235. 


Numerous females from 8 to 8 lines, and three males about 2 
lines. From the visceral cavity of Phrynosoma regale. Collec- 
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tion of the Army Medical Museum, Washington. Nose, mouth, 
and throat of Phrynosoma hernandezi ; Sonora, Mexico. Dr. T. H. 
Streets. 

Hedruris androphora. Nitzsch, Diesing; Syst. Hel., ii, 205. 


Synplecta pendula Leidy, Pr. A. N. 8., 1851, 240; 1856, 52. Diesing, Sitzungsb. 
Wien. Akad. Wis., xlii, 1861, 647. 


Stomach of Nanemys guttatus. 


Cuculanus roseus. Leidy, Pr.A.N.S., 1851, 155; 1856, 54. 
Intestine of Manouria fusca, Java. 


Tropidocerca certa. 
? Filaria dubia. Leidy, Pr. A. N.S., 1856, 55. 


Female subglobular, broader than long, divided into zones ; tail 
abruptly projecting and conical. Male of the ordinary nematoid 
shape, cylindrical, most attenuated in front. Mouth trilabiate. 
Caudal extremity strongly rolled inwardly, sigmoid at the end, 
which is conical, recurved from the genital aperture, mucronate 
and alate; ale half oval, narrowing to the end of the mucro, 
which is truncate. Female 7 mm. long by 7 and 8 mm. broad. 
Male 12 to 18 mm. long, and 0°375 to 0°5 wide. The specimens 
of this curious parasite were contained in two spherical cysts in 
the wall of the stomach of the albatross, Diomedia exulans. 
Each cyst contained a corpulent female with severally four and 
five males. Obtained by Dr. W. S. W. Ruschenberger. 


21 
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ON THE FERTILIZATION OF CASSIA MARILANDICA. 
BY THOMAS MEEHAN. 


The relation of insects to flowers continues to be a question of 
profound interest. It has never been clear to my mind that 
insects are any material aid to plants through the pollinization 
which they often undoubtedly accomplish. There has been little 
to prove that in-and-in or close breeding is an injury; and it has 
been assumed that cross-breeding among plants must be a benefit, 
solely because arrangements for its accomplishment surely exist. 
I have shown in various papers (see chiefly Proceedings of 
American Association for the Advancement of Science, Detroit 
meeting), that in a scheme of nature for progressive development 
there must be provided arrangements for the removal of old as 
well as for the introduction of new forms, and from the facts ad- 
duced we have as much right to look on them in the light of 
agencies for removal as for the strength and preservation of a 
race. In my mind, the facts rather show that instead of any 
material aid to the propagation of the race being gained, the 
dependence of a plant on insect aid for fertilization is rather an 
indication that its race is nearly run, and that it is on the down- 
ward track in the order of nature. ; 

The assumption that cross-fertilization is a factor in develop- 
ment instead of in degradation, has, I believe, been an injury to 
the study of the main question, as it has led to generalizations 
that cannot be sustained, and to assertions regarding facts that I 
think would not have been made had not the observers been pre- 
possessed in favor of this hypothesis. The followers of those 
who have done so much to advance this branch of science, have 
gone much further in their speculations than those who first 
originated the line of thought; and even the leading minds in 
that path have often been the victims of an enthusiasm of which 
their cooler moments would not approve. Here and there we 
meet with statements by even such eminent naturalists as Darwin 
and Asa Gray, that would seem to sustain the wide genralizations 
of Grant Allen or Sir John Lubbock; but a careful study of their 
writings will show that they look on cross-fertilization as a fact, 
and as a measure of race utility, from a much more limited field 
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than the supporters of the wider speculations seem to believe. 
It is not the most eminent writers who assert that “ cross-fertiliza- 
tion is the general rule,” “the greater number of flowers are 
cross-fertilized,” etc. (see Popular Science Review, 1873), though 
the casual expression of Dr. Asa Gray, in his papers of 1877, 
that ““many flowers freely self-fertilize,” certainly might imply 
self-fertilizers to be a minority of the whole; but the same eminent 
botanist has also said “it is a common case that flowers cross- 
fertilize when duly served by insects or wind, and self-fertilize 
when not,” and this by no means bears the impression that he 
regards self-fertilizing flowers as composing a particularly limited 
class. Indeed no one is more severe than Dr. Gray on theory- 
makers who run off in haste on one line of facts. The true 
sentiments of Dr. Gray are that “ cross-fertilization, we may well 
believe, is a very risky affair,” and in view thereof very few plants 
have become wholly dependent on this mode, but act on the rule 
to prefer cross-fertilization “if they can,” but failing in this, to 
self-fertilize, “if they must,” And, though it is not so generally 
understood, I think a careful study of Mr. Darwin’s works will 
show that this is essentially his view also. 

Though unwilling to concede that any material benefit comes 
to the races of plants from the aid which insects give to plants 
by cross-fertilization, the fact that some species are evidently 
wholly dependent on this agency for fertility, is no less interest- 
ing, and any original observations must have value to the student 
of this branch of science. 

Cassia, in a general way, has been a subject of study. In 1875 
Dr. Leggett writes (Bull. Torr. Club, p. 171) that Dr. Torrey had 
noticed the difficulty Cassta niclitans had in rejecting its pollen. 
Dr. Torrey believed, however, that though the anthers seemed to 
provide a pore at the apex for the emission of pollen, they finally 
slit longitudinally, and thus permitted the pollen to escape. Dr. 
Leggett does not seem satisfied of this. In 1882, however, Prof. 
J. E. Todd published some extremely interesting observations on 
this species, and on Solanum rostratum, which has a similar 
staminal arrangement (see Am. Naturalist. Ap. 1882, p. 281-287). 
C. Marilandica is referred to as one that would probably behave 
in the same way. Before noting what Mr. Todd saw in these, I 
will note the observations I have made on this species. 

As nothing seems to have been placed on record in relation to 
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Cassia Marilandica, and I having a good opportunity for daily 
observation, I undertook its close investigation this year. In 
Cassia Marilandica the flower consists of five petals, as in other 
leguminosz; but the two which usually unite and form the carina 
are here distinct and spread widely, taking the place apparently 
often occupied by the wing-petals. The two actual wing-petals 
are somewhat erect and lap under the upper or vexillum. This 
arrangement gives the flower a ‘somewhat two-lipped appear- 
ance.” The style curves gradually, but more rapidly at the apex, 
curving there so much that the stigmatic surface can scarcely be 
closely examined without breaking the style. If the petals be 
opened just before the natural time for their expansion, a globule 
of liquid is pendant from the surface. The stamens are arranged 
in separate sets. There are three beneath the pistil—the two 
lateral ones are very strong and equal the pistil in length—the 
central one immediately beneath the pistil is as long as those on 
each side, but more slender. Immediately above the pistil are 
four stamens, with short, stout filaments, the anthers being per- 
fectly formed, and nearly as long as in the lower set. Above are 
three petaloid stamens, which we can only see are staminal efforts, 
by noting the intermediate stages of the several parts between 
the stamens and petals. The only use for them seems to be to 
afford a good morphological lesson to the student. 

The most interesting feature of this Cassia is that the stamens, 
not mono or diadelphous as in many leguminosz, have long, 
black anthers, full of pollen, but which seem never to burst the 
anther cases. The only “ opening is at the apex,” and this ‘ open- 
ing” is covered by a membrane—never opening, as I believe, 
except by insect agency. 

As soon as the flower expands it is freely visited by humble 
bees, and, as their loaded thighs evidence, for the pollen. To 
collect this, they alight on the anthers of the long and lower 
stamens, as on a platform—make an opening in the apex of each 
of the four shorter ones, and then rifle them of their contents. I 
watched a mass of plants containing eighty-eight flower stems, on 
the 30th of July, and the same lot for an hour on 6th of August, 
but saw no attempt to get pollen from the longer anthers, or to 
use them in any way but as a platform. It would, indeed, be 
hardly possible for the bee to stand anywhere so as to get power 
to pierce the apical membranes of the longer stamens. When the 
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flower matured, and the anthers were ready to fall, they were exam- 
ined—the four short ones were empty sacs—the three lower ones 
proved they had not served any purpose to the bees, for they 
were full of pollen. There could be no doubt that, perfect and 
full of pollen as they were, they served no purpose that I could 
see either to the flower or to its insect visitors. Hive bees on 
honey-collecting expeditions hunted around among the base ot 
the petals, but were not, apparently, well rewarded for their work. 
No pollen could be detected on the stigmatic surface; but as about 
three out of every twelve flowers yielded a pod, they were evi- 
dently fertilized in some way. On the 30th of July I covered 
one panicle that had not yet opened a blossom, with a gauze bag 
twelve inches wide and eighteen inches deep, tied at the bottom 
to prevent ingress. Not one of these enclosed flowers produced 
a seed vessel, nor could I see that any one anther “ opened at the 
apex.” The membrane covered it as completely as it did in the 
unopened flower. 

Now all these observations confirm those of Mr. Todd in the 
other plants except in the following particulars: As in my 
case, he found that the bees never attempted to collect pollen 
from the longer and lower anthers, but “ by the movement of 
her feet the larger stamen is repeatedly sprung backward, and 
as often throws a cloud of pollen on one side of her body.” I 
am sure no pollen was ejected in this way from Cassia Marilan- 
dica, for the membrane at the apex was not even ruptured when 
the stamens were ready to fall. In regard to the manner in which 
the pollen is extracted, he found that “this she does by seizing 
each anther near its base between her mandibles, and, with a sort 
of milking motion, crowds the pollen out of the terminal pore.” 
If this were the general way there would be no necessity for any 
pollen being ejected from the long stamens, for the stigma would 
certainly receive some during the “milking” process; and the 
pore at the apex in the long anther is beyond the line of the 
stigma, so that on ejection from the pore the pollen would go 
still further beyond. At any rate I am satisfied that in this 
species the anther cases did not under my observation ultimately 
split longitudinally, as stated by Dr. Torrey in an allied species, 
nor was there any drawing out of the pollen, as observed by Prof. 
Todd. It is abstracted solely through the pores; and although I 
could see no evidence that such was actually the case, I suspect 
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fertilization could only occur through some of this extracted 
pollen escaping from the insect to the stigma, 

However, the fact was clearly demonstrated that Cassia Mari- 
landica, in this experiment, does not produce a single seed, when 
the flowers are protected from the visits of insects. 

This plant is the more interesting as it belongs to an order 
which the enthusiasts to whom I have referred, see “ from its strue- 
ture’ to be so well “arranged for cross-fertilization,” but which 
those who, like the following author, have followed results, see 
just the reverse. ‘“ To the casual observer of typical structures 
the papilionaceous plants must present the most difficult nut to 
crack for a student of cross-breeding. * * * As might be expec- 
ted from the structure of the flowers, we have in these plants 
persistent examples of self-fertilization, and hence the constancy 
of garden varieties ” (Gard. Mag., Feb. 3, 1877). 
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SEPTEMBER 7. 
Mr. Cuarwues Morais in the chair. 


Thirteen persons present. 


SEPTEMBER 14. 
The President, Dr. Lrrpy, in the chair. 


Thirty-four persons present. 


SEPTEMBER 21. 


Mr. Joun H. REDFIELD in the chair. 


Twenty-four persons present. 
The death of Wm. P. Jenks, a member, was announced. 


Chinese Women and Spiritism.—The following communication 
was read from Miss ApreLe M. Fretpe:—In the eighth month 
of the year, early in autumn, when the full moon is worshipped ; 
when the gods of grain are rewarded with gifts; when friends 
exchange many souvenirs; when the upper and nether worlds 
are thought to touch boundaries, then the Chinese women meet 
privately and fall into trances. Nearly all women are interested 
in these secret sessions, but many are prevented from being 
present by necessary occupations elsewhere, or by fear of rebuke 
from the men of their households. These conclaves are entered 
by women only, and are regarded by men with great disfavor. 
The women assemble in an apartment where they may be for a 
few hours secure from interruption. From three to a dozen or 
more gather around a table in the centre of the room. Incense- 
sticks, spirit-money and bamboo-roots, bought bya previous con- 
tribution of farthings, are distributed among all present. A 
fetich of some sort, a decayed splint hat, an old broom, a chop- 
stick, or possibly a more uncleanly object, taken from a rubbish 
heap, is brought in, and spirit-money is burned before it, with 
obeisances. Then those who desire to fall into trance sit down 
at the table, throw a black cloth over the head, hold a sbeet of 
spirit-money and a lighted incense-stick between the palms before 
the face, shut the eyes, and remain motionless and silent. Of the 
other women, some light incense-sticks and whirl them around the 
heads of the sitters; some rap constantly, gently and rapidly, with 
the bamboo-roots on the edge of the table; some chant invoca- 
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tions, petitioning the gods to admit these their children to their 
abode. Many and diverse incantations are iterated. One, given 
to me by a woman who appeared to be an expert, may be trans- 
lated as follows: 


Sister spirit, ghost of nun, Spirit, spirit, come and reach 
Body take by sharing one ; Hand to lead us; vouchsafe speech ; 
Two or three await thee here, Be incarnate in us here ; 


Choose in which thou wilt appear. Choose in whom thou wilt appear. 


Two or three of the women, perhaps, fall into trance. Their 
doing so is indicated by their trembling violently, dropping the 
incense-sticks they were holding, beginning to beat the table with 
the palms of their hands, and to discourse incoherently. They 
speak of meeting their own lost friends, or those of other women 
who are present. They weep bitterly while they appear to con- 
verse with the dead. They describe streets, shops and houses 
and say that certain person are engaged in agriculture or trade. 
Sometimes they, by request, make inquiry concerning the where- 
abouts of a dead person, and then give the information that he 
has been born into the human family for the second time. Some- 
times they report that a dead neighbor is shut up in Hades with 
nothing to eat but the salted flesh of the infant daughters she 
destroyed when she was alive. 

Many women go to these meetings merely as observers; many 
more go in order to avail themselves of what they believe to be 
an opportunity to hear from dead relatives; a few go with the 
hope that they may themselves fall into trance, and see the spirit 
of some recently deceased friend. It is said that those who wish 
to enter Hlysium and see the dwellings of the gods and geni, 
must make the attempt in the forenoon, while those who wish to 
visit lower spheres get admittance only in the afternoon. 

As no pecuniary benefit accrues, directly or indirectly, to the 
actors in these scenes, there is less reason for suspectiug conscious 
deception than in the case of the public interpreters for the gods. 

No foreign lady can get access to these sittings, and no native 
Christian woman is admitted to them. It is said that no one falls 
into the trance-state, if a Monotheist be within sight or hearing. 
My knowledge is gained wholly from a score of Chinese women, 
now my pupils, who in former years attended these sittings, and 
who have described to me the scenes of the eighth month. 

Throughout the whole there is indication that the minds of the 
women are, during these trances, moving in customary grooves. 
They evidently see what they expect to see. The gardens of 
Elysium are laid out in Chinese style; the architecture of the 
buildings is Chinese; the punishments are those made familiar to 
the imagination by Buddhism and Tauism; the costumes, the 
implements, and the paraphernalia are such as are common in 
Swatow. These seekers after truth in the land of shades bring 
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back no ideas save those which they took with them when starting 
on their quest; and this leads one to doubt, in spite of their dis- 
heveled hair, pallor and exhaustion, whether they have after all 
really been away from home. 

At nightfall the supposed traveler is lured back by incantations, 
and then she slips slyly back into her accustomed duties, with no 
chance, for another whole year perhaps, to take a jaunt either 
with body or soul. 


Swatow, China, August 1, 1886. 


SEPTEMBER 28. 
Mr. W. W. JEFFERIS in the chair. 


Seventeen persons present. 

The death of Charles Baeder, a member, was announced. 
Richard H. Day was elected a member. 

The following was ordered to be printed :— 
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HISTORY AND BIOLOGY OF PEAR BLIGHT. 
BY J. C. ARTHUR. 


To the American orchardist or nurseryman the name of pear 
blight, or fire blight, as it is often called, brings to mind a serious 
malady of fruit trees, which has been the theme of incessant dis- 
cussion by horticultural writers and speakers since the earliest 
days of fruit culture in this country. The most marked features 
of the disease were admirably characterized by William Coxe? at 
the beginning of the present century, in the following words: 
“That species of blight which is sometimes called the fire blight, 
frequently destroys trees in the fullest apparent vigor and health, 
in a few hours, turning the leaves suddenly brown, as if they had 
passed through a hot flame, and causing a morbid matter to exude 
from the pores of the bark, of a black ferruginous appearance ; 
this happens through the whole course of the warm season, more 
frequently in weather both hot and moist.” The disease occurs 
from Canada and Minnesota on the north, to Georgia and Louis- 
iana on the south, and from the eastern limit of the Rocky 
Mountains to the Atlantic ocean. No part of this vast extent of 
country is exempt, although it does not appear with the same 
frequency and power in all localities, and is usually rare in the 
immediate vicinity of the sea-coast. 

So far as at present known, it is exclusively confined to this 
part of North America. This is partly inferred from the absence 
of any distinct mention of such a disease in the horticultural 
literature of other regions, and partly from direct testimony. 
Prof. Dwinelle, late of the University of California, has told the 
writer that it does not occur on the Pacific coast. Dr. De Bary, 
whose word carries great weight, says, after giving a brief 
description of the disease, ‘‘ this phenomenon is not to my knowl- 
edge known in Europe.” A long account of the disease has been 
published by Dr. Wakker,’ in a gardening journal of Holland, in 
order to learn if it occurs in that country, but up to the present 


1 Cultivation of Fruit Trees, Philadelphia, 1817, p. 174. 
2 Vorlesungen tiber Bacterien, 1885, p. 137. 
3 Nederlandsche Tuinbouwblad, II (Jan. 9, 1886), p. 9. 
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time no dne has intimated any knowledge of it. In a recent 
letter Dr. Masters, editor of the Gardeners’ Chronicle of England, 
says that no such disease has been recognized in the British Isles. 
The testimony of one of our own horticulturists, Prof. Budd,’ of 
Iowa, who is familiar with the disease in this country, and has 
inspected the orchards of the old world far into Russia, is especi- 
ally valuable; he says “‘no trace of blight of pear- or apple-trees 
can be seen in Europe.” From these statements, and the infer- 
ences to be drawn from other sources, it appears highly probable 
that the disease does not extend to Europe. An account of the 
principal diseases of fruit-trees of New Zealand, by Prof. T. Kirk, 
has been published, which describes a disease of the pear known 
in that country as fire blight, due to a fungus, and another of the 
apple, the American blight,due to an insect. No true pear blight, 
as recognized in the United States, is mentioned, and in a receut | 
communication the author has definitely stated that it is not 
known in the colony. Whether it occurs in other parts of the 
world is not yet ascertained, if some slight testimony regarding 
its absence in Japan be excepted. 

It is only within a year or so that European writers have become 
aware of its existence, and this only through American authors. 
It is remarkable that a disease of such virulence and so easily 
transported should not have found its way across the ocean, when 
one remembers the number of destructive plant maladies that 
America has already involuntarily foisted upon European culti- 
vators. It will not be profitable to speculate much at this time 

upon the reasons for this, but we may suppose that the small 
exportation of American fruit-trees, or of scions,? has been a 
factor in keeping it incheck. The influence of climate, and some 
less evident factors, need not be discussed in this connection. 

Amount of Loss.—It has already been intimated that pear 
blight is a frequent and destructive affection ; it will tend to give 
a fairer appreciation of the subject if it be stated how frequent 
and how destructive it is. Coxe,‘ as early as 1817, in the oldest 
pomological work by an American author, says it “ frequently 


1 Trans. Minn. Hort. Soc. for 1883, p. 281. 
? Fruit Blights and Diseases of Fruit-trees in New Zealand, 1835. 


5 For an account of the destruction of stored scions by blight, see Rep. 
Hort. Soc. of Mich. for 1881, p. 137. 4 LiGey DP: 174. 


324 PROCEEDINGS OF THE ACADEMY OF [1886. 


destroys trees in the fullest apparent vigor and hedlth, in a few 
hours; I have in twenty years lost upwards of fifty trees.” The 
years 1826 and 1832 were notable in horticultural circles for the 
increased prevalence of the disease; but it was in 1844 that the 
most widespread and fatal epidemic, that the country has yet 
known, occurred. Few, if any, pear-orchards escaped at that 
time without the partial or total loss of many trees, and some 
orchards, even large ones, were quite destroyed. The following 
year the epidemic was much lighter, and had fully disappeared 
by 1846. Although it had subsided as an epidemic, it still 
occurred in localities here and there, and has continued to do so 
until the present time. Judging from the communications in the 
horticultural press, the whole country, or various sections of it 
independently, have been subject at various times to epidemic 
visitations, but none have equaled in severity that of the memor- 
able year of 1844. 

It is often maintained that a certain periodicity of occurrence 
is observable, the periods usually being placed at five, ten, or 
twenty years. A careful examination of the literature of the 
subject, however, gives little support to these views, and makes 
it more probable that the intervals are irregular, and that they 
vary for different sections of the country. The year of maximum 
prevalence may or may not be preceded by one in which the 
disease is noticeably common, but it is quite invariably followed 
by a year or two of successive decadence. 

In the absence of exact statistics, which it has not been prac- 
ticable to obtain, something of the important nature of the disease 
may be gathered from the statements of horticultural writers and 
the phraseology which they employ in speaking of it. 

The renowned horticulturist, A. J. Downing,! called it the 
“monstrous malady of the pear.” Chas. R. Baker? says it is 
“the worst malady with which the cultivator of the pear-tree has 
to contend.” In southern Pennsylvania “‘ the pear is so generally 
destroyed by the blight,” according to J. B. Garber writing in 
1850, “that very few trees are to be found.” At Philadelphia, 
however, the disease has been rarely observed, according to 
Ashden AEE ROE 

1 Horticulturist, vol. i, 1846, p. 62. 
2 Practical and scientific Fruit Culture. Boston, 1866, p. 476. 
3U. 8. Patent Office Report for 1850, pt. ii, p. 418, 
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Thomas Meehan.! TT. T. Lyons,’ of Michigan, states as the 
opinion of many cultivators in that State, that the pear-tree can- 
not be grown with financial success on account of the blight. 
Illinois has always been much subject to the disease, and Prof. J. 
B. Turner,’ in 1868, gave expression to the general feeling of his 
recion by describing it as “that deadly Upas of the pear-tree 
known par excellence as the pear-blight.” In 1882 Dr. J. L. 
Hallum,‘ speaking for southern Illinois, says, “ pears have failed, 
utterly failed, so that none are now cultivated for market, the 
blight has destroyed the trees—branch and root,” and 8S. G. 
Minkler,® in the northern part of the State, observes that it is a 
very uncommon thing to see pear-trees without dead branches or 
other signs of the ravages of blight. Wm. A. Nourse,® of the 
same State, is led to “doubt if one-tenth of the pear-trees that 
are set, live ten years,” on account of this one destructive agent. 
Geo. M. Dewey,’ of Missouri, says that ‘‘ with good cultivation 
and rich soil the pear generally dies of blight before the eighth 
year.” In Minnesota the severe climate has not permitted the 
cultivation of pears, and almost the only apples grown for many 
years were the hardy crab-apples. The latter have been rapidly 
improved, and together with the hardier varieties of the common 
apple would now furnish this part of the country with an abundant 
supply of fruit, were it not for this same disease, which elsewhere 
most conspicuously preys upon the pear-tree. E. H.S. Dartt® 
held the opinion in 1874 that the severity of winter was not so 
much to be dreaded as the ravages of blight. He had at that 
time one or two thousand trees affected. Dr. P. A. Jewell,’ up to 
1876, had lost ten thousand Tetofsky apple-trees by it. F. G. 
Gould!’ says that “ only for this scourge every family living on a 
farm in Minnesota could have a supply of apples.” 


1 Rep. Penn. Fruit-Grower’s Soc. for 1877, p. 77. 
2 Rep. Pomol. Soc. of Mich., for 1878, p. 368. 

5 Trans. Ill. Hort. Society for 1868, p. 42. 

4 Same for 1882, p. 118. 

5 Same for 1880, p. 30. 

6 Trans. Ill. Hort. Soc. for 1880, p. 63. 

7 Proc. Mo. Hort. Soc. for 1870, p. 18. 

® Trans. Minn. Hort. Soc. for 1874, p. 22. 

* Same for 1876, p. 73. 

10 Same for 1884, p. 127. 
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Citations enough have doubtless been given, although several 
pages of equally strong ones might be added, to show that fruit- 
growers, who have the best opportunities for observation, con- 
sider it a disease greatly to be dreaded and one of special economic 
importance. Other sections of the country, notably those of 
Ohio, western New York and Georgia, could furnish equally im- 
portant proof of these propositions. All that is desired in this 
connection, however, is to give those not familiar with the subject 
some idea of the disease and its effects as ordinarily observed 

Early Records.—The oldest mention of the disease, that gives 
a good and reasonably full description of it, is in Coxe’s work on 
fruit-trees, bearing the date of 1817. The manner of the author 
leaves no doubt that it was well known at that time, and the 
reference to his losses during twenty years makes it reasonably 
certain that he had observed the disease as early as the opening 
of the century. The earliest notice, however, which has yet come 
to hand, is in a letter written by Wm. Denning,' describing the 
disease in apples, pears, and quinces. He speaks of first observ- 
ing it on the Highlands of the Hudson in 1780. 

There is no interest, however, in tracing chronologically the 
various notices found in different publications, for without excep- 
tion they have the tone of treating a familiar theme, and show no 
evidence that the disease in the first part of the century was in 
any respect different from to-day. 

Conjectures Regarding its Cause.—A brief treatment of this 
topic will be all that is required for the purposes of this paper; 
and only those hypotheses will be touched upon which received 
such eareful presentation as to attract the favorable attention of 
the public. 

Few writers appear to ascribe the disease to a single agency, 
but regard it as resulting from several causes, either acting to- 
gether or brought about by dissimilar circumstances. Little dis- 
crimination is made between predisposing conditions and active 
agents. In fact sharply defined treatment could not be expected 
when all was conjecture, and when the shrewdest observers did 
not hesitate to avow that after years of loss under all kinds of 
experimentation, and after interminable discussions, the cause 
still lay shrouded in impenetrable obscurity. 


 —————————— 


1'Trans. Soc. for Prom. of Agric., vol. ii, 1794, p. 219. 
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Coxe,! who has had many followers, thought that the hot rays 
of the sun when acting through a misty or saturated atmosphere 
deranged the vital activities of the plant and brought about the 
disease. He considered old varieties more subject to it, on 
account of having lower constitutional vigor, than new varieties, 
of which the St. Germain and Seckel were respectively conspicu- 
ous instances. 

The insect theory, as it was called, was promulgated at this 
time. It was started upon firm facts by the discovery of a small 
brown beetle, about two millimeters long, which penetrated the 
branch, and caused the part beyond to die. The beetle received 
the name of Scolytus pyri Peck, now changed to Xyleborus pyrt 
Pk., and is still known as the blight beetle. The effect of its 
attack appears to the casual observer similar to that of the true 
blight—the branch in June or July rapidly withers, and the leaves 
and fruit turn black. The beetles being minute and inconspicuous 
escape attention, and the fact that the branch does not die below 
a definite point is sometimes overlooked. It is not difficult to 
see how many persons came to connect this comparatively rare 
affection with the common fire blight, and to believe that insects 
of some sort were to be held accountable for all—their supposed 
minuteness and wary habits being sufficient reasons for the failure 
to find them, and the spread of the disease along the limbs ofa 
tree being ascribed to a poison which the insects were supposed 
to emit. Among the prominent supporters of this view was the 
“ Genesee Farmer,’’? published at Rochester, N. Y., with Patrick 
Barry as the horticultural editor. It has not, however, been so 
strongly advocated for the last decade or two. 

The next hypothesis that attracted general attention was known 
as the frozen-sap theory. This was based upon the supposition 
that the autumn or winter freezing of unripe wood produced a 
poison which the moving currents of sap the next spring and 
summer distributed, causing the death of the parts. It was first 
published in 1844 by Rev. H. W. Beecher,’ of Indiana, in a long 
and able article in ‘‘ Hovey’s Magazine.” In the following year 


DAG, ,. ps 110: 


*See Genesee Farmer, vol. vii, 1846, p. 216; vol. viii, 1847, pp. 122, 
218, ete. 


’ Magazine of Horticulture, vol. x, p. 441. 
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it was independently elaborated by A. J. Downing’ in his work 
on Fruits and Fruit-trees of America, who first called it the 
frozen-sap theory, and who is usually spoken of as the author of 
it. This view has probably had more firm adherents than any 
other, as it explained many phenomena connected with the dis- 
ease in a fairly satisfactory manner. It was especially well 
received in the western States. 

The next hypothesis which gained the attention of the public 
was the fungus theory. Its first successful presentation was in 
1863 by Dr. J. H. Salisbury,? who figured the fungus which he 
decided to be the specific cause of this kind of blight, and ven- 
tured to give it a name, although he was sadly in error in most that 
he did. Thomas Meehan,’ editor of the ‘‘ Gardener’s Monthly,” 
has ably championed this explanation, and done much to keep it 
in favor. In 1875, Dr. J. G. Hunt,’ by Mr. Meehan’s request, 
undertook a microscopical examination of blighted pear-twigs, 
and confirmed the opinion that it was due to a fungus, without, 
however, deciding upon the specific character of it. 

Blighted trees often attract attention immediately after a 
thunder storm, and from this and other circumstances the belief 
that the malady is due to electricity has gained many adherents, 
but the argument has not had a full and connected presentation. 

The last hypothesis of historical importance is the bacterial 
theory. Although hinted at by a number of horticultural writers, 
yet the credit of it is due to Prof. T. J. Burrill,’ who in 1878 dis- 
tinctly stated his belief that the cause resides with the bacteria 
which he found in great abundance in the tissues of affected 
branches, In 1880 he performed a series of experiments® by 
inoculating healthy branches with the juices of diseased ones, the 
results of which were presented to the American Association at 
its Boston meeting, thus first bringing the subject clearly to the 


1 Fruits and Fruit-trees of America, p. 594; same, 2d Revision by Chas. 
Downing, p. 646. 

2 Ohio Agric. Rep. for 1863, p. 450. 

3Proc. Amer. Pomol. Soc. for 1867, p. 59 ; and elsewhere. 

* Gardener’s Monthly, vol. xvii, 1875, p. 245. 

5 Trans. Ill. Hort. Soc. for 1878, p. 80. 


6 Proc. Amer. Assoc. Adv. Sci., vol. xxix, 1880, p. 583; Rep. of Ill. 
Industrial Univ., for 1880, p. 62; Trans. Il], Hort. Soc. for 1880, p. 157; 
Amer. Naturalist, vol. xv, 1881, p. 527. 
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attention of the scientific world. Although this was now the 
popular hypothesis, it cannot be said to have received more sub- 
stantial credence than those which had gone before, either from 
the horticulturists or the scientists. The experimental results 
gained by Prof. Burrill were confirmed and extended by the 
writer | during 1884, by means of a similar series of inoculations. 

Of the multitude of minor hypotheses which were put forth in 
explanation of phenomena connected with pear-blight, and which 
were variously received, and of all degrees of plausibility, it is 
impossible to speak at this time without carrying this paper to 
undue length. 

Beginning of Experimental Research.—The question of the 
cause of pear-blight was finally removed from the domain of 
speculation to that of established fact by a series of crucial 
experiments performed by the writer? a year ago, and recorded 
in a paper before the American Association at the Ann Arbor 
meeting. These consisted in showing that the bacteria when 
removed from the tree and passed through a series of artificial 
cultures would generate the disease when again introduced into 
the tree, and that the juices accompanying blight when cleared 
of bacteria by filtration will not produce the disease. 

Having now come to a firm basis for scientific advancement, let 
us look over the historical ground again to see if some one did 
not hit upon the true explanation of the disease, although he may 
not have been aware of its significance. In a connection like 
this, facts derived from experiment have greater weight than 
statements of opinion; the latter acquire importance in propor- 
tion as they are logically derived from correct and close observa- 
tion. Bearing this in mind, we need not give much heed to the 
not uncommon inference that pear-blight was in some way inti- 
mately related to the epidemic diseases of man, e. g. cholera. 
This view is said to have been quite frequently entertained in the 
early part of the century, but was not sanctioned by the learned. 
The use of such phrases as “ first cousin to the cholera,” “ a spe- 
cies' of vegetable ferment,” etc., surely does not entitle the author 
to any priority in way of discovery. 


1 Rep. N. Y. Agric. Exper. Station for 1884, p. 357. 
2 Proc. Am. Assoc. Adv. Sci., vol. xxxiv, 1885, p. 295 ; Bot. Gazette, vol, 
x, 1885, p. 343 ; Gardeners’ Chronicle, vol. xxiv. 1885, p. 586. 
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We turn from these slight hints to the record of an experiment 
in inoculation, made in 1845 and published the following year. 
We are told by S. B. Gookins,! of Indiana, that visiting Mr. 
Ragan (the same person who furnished Mr. Beecher with many 
of the facts on which he founded the theory to which we have 
already referred) he was shown a thrifty young pear-tree in the 
nursery, which had been “inoculated ” “ by way of experiment” 
with “the sap of a blighted tree,” “a few days previous.” ‘“ He 
made an incision about three feet from the ground, lifted the 
bark as in the process of budding, and injected a small quantity 
of the diseased sap.” ‘‘ We found the leaves of the patient chang- 
ing color, and emitting that peculiar odor which is always present 
in cases of blight, and upon applying the knife, the inner bark 
was found to be black from the root to the top, while nothing of 
the kind appeared elsewhere in the nursery.” 

This admirable experiment was combined with a no less admir- 
able interpretation of the cause of blight. The writer cites facts 
to disprove the hypothesis of Mr. Beecher, and then says: “I 
strongly incline to the belief, that the pear-blight is an epidemic, 
that it prevails like other epidemics, and will pass off like them. 
The atmosphere is, I believe, generally admitted to be the medium 
by which they prevail, and are carried from place to place. What 
that subtle principle may-be, which pervades our atmosphere, by 
which infection is retained and transmitted, human science has 
not discovered; but that such a principle exists is sufficiently 
obvious from its effects.” 

This clearly conceived elucidation of the matter could only 
have been improved by a knowledge of the germ theory of disease, 
and when we remember the date at which it was uttered, we do 
not feel that the writer was guilty of any lack of acuteness in not 
perceiving the relation which we now know to exist between his 
theory and his facts. He seems to have been a modest man, for 
he only signs his initials, and does not defend his views when the 
editor, A. J. Downing,? opposes the opinion that “an epidemic 
conveyed by the atmosphere is too slightly supported by facts to 
weigh at all against the observations of cultivators,” which 
“strongly point to the freezing of the sap as the cause.” 


' 1 Horticulturist, vol. i, 1846, p. 253. 
2 Horticulturist, vol. i, 1846, p. 255, 
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Another interesting experiment was performed by Dr. EH. 8. 
Hull,! of Illinois, in 1868. Having received some blighted apple 
twigs from a correspondent, he cut pieces from them with which 
he “ inoculated several succulent pear shoots by tying in the pieces 
as in budding.” This was done the middle of June, and no ob- 
servation taken for thirty-four days, when the blight was found 
to have extended several inches into the healthy tissues. From 
this he very justly concludes that the blight in apples and pears 
is but one disease, but seems to take it for granted that in both 
it is due to “ vitiated sap.” 

The fact that the disease may be transferred to healthy trees 
by the pruning knife has been observed by several persons. H. 
Wendell,? of New York, says in 1849, “I am also careful that the 
blade of the knife is perfectly clean, and that it has none of the 
sap of a diseased tree adhering to it, because I have known many 
valuable trees destroyed by having been inoculated in this man- 
ner.” Prof. Turner,’ of Illinois, makes a similar statement: “I 
found that this disease is exceedingly contagious, for if I used 
my knife to prune a healthy tree after having used it in shaving 
the diseased one, I communicated the disease to that tree.” 

Prof. Burrill first observed the bacteria of blight in 1877,‘ 
but did not recognize them as such till the following year, when 
he avowed his belief that they were the cause of the disease. 
His first inoculation experiments were made in 1880, as already 
stated. In 1882 he characterized the organism under the name 
of Micrococcus amylovorus.® 

Description of Micrococcus amylovorus Bur.—The form of 
this species of bacteria is very constant, under all conditions. 
The single cells are from oval to roundish-ovoid, and only vary 
by slight changes in the ratio between their length and breadth 


1 Trans. Ill. Hort. Soc. for 1868, p. 220. 

2U. 8. Patent Office Rep. for 1849, pt. ii, p. 446. 

3 Trans. Ill. Hort. Soc. for 1878, p. 81. 

* Same for 1877, page 114, 

5 Same for 1878, page 79. 

6 The Bacteria (a reprint from Rep. of Ill. Industrial Univ. for 1882), 
p. 42; Amer. Naturalist, vol. vii, 1883, p. 319. In the last publication, 
by a typographical error, the name was made to read M. amylivorus, a 
mistake which has been copied into other works—see Grove’s Bacteria 
and Yeast Fungi, London, 1884, p. 10, 
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(Pl. III, figs. 1, 2,6). They are 1to 13» long, by 4 to ?» broad, 
and quite colorless. For the most part, they exist as single inde- 
pendent cells, but may often be found in pairs, especially when 
still multiplying, and in rare instances are united into a series of 
four or even more, but never extend into chains. 

During rapid vegetation, in rich nutritive media, the move- 
ments reach a stage of extreme activity. The appearance is 
what is termed swarming, in which the bacteria move rapidly 
back and forth, in and out among each other, but never in a 
straight line to any distance. As the rate of growth becomes 
less from any cause the movements are retarded. Taken directly 
from the tissues of a blighting tree, the movements of transla- 
tion are usually sluggish or imperceptible, although the universal 
Brownian movement is likely to give a misleading appearance of 
activity. Under specially favorable conditions, as when grown 
during hot weather in very succulent shoots, or from artificial 
inoculation in unripe fruit, the movements are much increased 
and may become quite rapid. When taken from the tree in 
winter, or when grown in solutions that are too acid or too alka- 
line, or which are deficient in the proper nutritive substances, 
there is no perceptible locomotion. 

When in active growth, the cells present a uniformly dull 
appearance. By conditions which are unfavorable to normal 
growth, yet do not entirely check it, such as strongly acid or 
alkaline solutions, deficient nutriment, or exhaustion by keeping 
the cultures several months, the cells become highly refractive, 
and to some extent take on the appearance of the spores of 
other species of bacteria. Whether in this state they possess 
any of the characteristic powers of resistance which belong to 
spores, has not been ascertained. 

Formation of Zooglea.—By far the most characteristic feature 
in the life history of Micrococcus amylovorus is the formation of 
zooglea (figs. 2,3,5). These have never been observed in the 
tissues of the tree under any conditions, or in or upon any sort 
of solid media, but they occur with much regularity in fluid 
cultures, when placed under favorable conditions for rapid 
growth. 

They are produced to some extent throughout the fluid, but 
are most abundant in the thin pellicle which forms upon the 
surface, appearing within forty-eight hours from the beginning 
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of the culture. The substance of the pellicle consists of a color- 
less matrix uniformly filled with motionless bacteria, and against 
this the zooglea are sharply defined. They are often brought out 
yet more distinctly by being surrounded by a colorless layer, free 
of bacteria, which is doubtless an extension of the ground sub- 
stance of the zoogloa mass (fig. 4). 

The masses are far more dense than the pellicle, and are com- 
pactly filled with refractive bacteria. They possess a definite 
outline, and are recognizable when very small; and although 
they may reach 30 to 40 » long by 20 to 30 » wide, they rarely 
lose their distinctness. When below 10 » in length, their usual 
form is oblong, varying to globular. They occur singly, or united 
more or less intimately end to end in pairs, and sometimes several 
form a short chain. At this stage they possess a uniformly even 
and unbroken surface, which now becomes uneven and wrinkled, 
and is finally thrown into folds, giving some resemblance to the 
external aspect of the brain. Zooglcea more than 20 » in length 
have the folds of somewhat unequal height, and the sinuses deeper, 
giving a stronger cerebric look, or when the folds are small and 
circular, they are better described as mulberry-like. The elon- 
gated forms, which at some stage of growth might doubtless have 
been composed of two or more distinct masses, often take on a 
vermiform appearance. But whatever the variations may be, the 
distinctness of outline, the general form, and the cerebric surface 
are unfailing characters, which so far as my knowledge extends, 
are not found in any other species of bacteria. 

Cultivation in Fluid Media.—The range of substances which 
may serve as culture media for this organism is very wide. An 
infusion of almost any vegetable substance containing a fair 
amount of soluble carbohydrates is likely to be sufficient to enable 
growth to take place, even if not very luxuriantly. 

The substance which on the whole has proved most satisfactory 
is an infusion of potato. This is prepared by paring a potato and 
slicing it into three or four times its bulk of water. Thisis kept fora 
couple of hours at about 70° C., by placing it over a water-bath, 
during which time it is occasionally stirred. It is then filtered, 
and is ready to be placed in the culture vessels for sterilizing and 
use. Ifthe heat is allowed to rise much above 70°, the starch is 
gelatinized, and it is only with difficulty that the solution can be 
filtered. The resulting liquid is clear and watery, but is often 
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light brown from coloring matter contained in the potato, which 
does not, however, materially interfere with observations on the 
growth of bacteria in it. Iodine gives a blue coloration to this 
liquid, showing that it contains starch, probably in the form of 
amylon. Another equally good culture fluid is made by treating 
corn (maize) mealina similar manner. The solution is colorless, 
but it is very apt to throw down a troublesome sediment, which 
makes it less desirable to use than the potato solution. 

Test-tube or flask cultures with these liquids, when kept at a 
temperature of 25° to 30°C., usually show some turbidity in 
twenty-four hours after being infected, and if the growth is very 
rapid, bubbles of gas (CO,) will be given off, which collect at the 
surface into a slight froth. In forty-eight hours the liquid has 
become thoroughly turbid. By this time a thin whitish pellicle 
has formed on the surface, which does not increase much in thick- 
ness up to the end of active growth, and rarely becomes wrinkled. 
With the formation of the pellicle, a sediment gathers at the bot- 
tom of the liquid, often a centimeter in depth, but which is so 
light that it only apparently differs from the liquid above by being 
whiter. In the course of some weeks this sediment will mostly 
gather upon the bottom of the vessel. No difference has been 
observed in the appearance of the bacteria taken from different 
parts of the culture. Those imbedded in the pellicle are not 
arranged in any recognizable order. 

In proportion as liquids are less suitable to the growth of 
the organism, the visible changes are less. The pellicle may not 
be formed, and there may be no turbidity, but if any growth at 
all takes place there will be some evidence of it by formation of 
a slight sediment. But the occurrence of a precipitate does not 
necessarily imply growth, for it not infrequently separates from 
a liquid containing organic matter, although remaining perfectly 
sterile. 

An infusion of hay, and also of dead, partly decomposed 
grass from a marsh, gave nearly a normal growth of blight 
bacteria, but the cells were considerably more refractive than 
usual. 

A solution of starch, having one part of starch to fifty of 
water, gave but a slight growth of highly refractive bacteria, 
without a pellicle, turbidity, or zooglea. A strong decoction of 
old barnyard manure acted in the same manner. A solution of 
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one part of glucose to fifty of water gave no growth of the 
bacteria. 

In testing the effect of acids upon the development of blight 
bacteria, a 4 per cent. of malic acid was added to the usual infu- 
sion of potato. This prevented the formation of a pellicle, tur- 
bidity or zooglea, but gave a very considerable cloudy sediment, 
largely made up of loosely aggregated groups of blight bacteria, 
which were brilliantly refractive. A similar solution with 2 per 
cent. of malic acid gave a slightly less abundant sediment, but with 
otherwise the same results. Some of the latter was transferred 
to a corn-meal solution, producing the characteristics of a pear- 
blight culture, except the formation of zooglea. After some 
days this was introduced into a pear tree, which in due course of 
time gave the true blight, showing that the bacteria of the acid 
solution were really blight bacteria. Attempts to grow them in 
a nutrient 5 per cent. solution of citric and tartaric acids have 
not been successful. 

Testing the nature of the bacteria in cultures producing 
limited growth, by inoculating directly into the tree, has not, as a 
rule, proved successful, as for some reason they seem unable to 
gain a footing in the living tissues. It is therefore necessary to 
transfer them first to richly nutrient cultures, from which, after 
a time, they may be introduced into the tree, and, if the blight 
bacteria are present, will start the disease. | 

Cultivation in Solid Media.—In test-tube cultures with nutrient 
gelatine the most characteristic results have been obtained by 
adding a drop containing blight bacteria to the gelatine while 
liquid, and thoroughly distributing the germs by shaking the 
tube. In from two to three days the gelatine contains numerous 
small white dots, which, upon examination under the microscope, 
prove to be a mass of bacteria of the usual appearance. The 
dots are globular or oval, and increase to about .5 mm. in 
diameter. No further growth or change takes place, and in this 
condition they remain for weeks, without maety ie or otherwise 
affecting the gelatine. 

When sown upon the surface of the gelatine by drawing a 
needle or glass rod over it, or by placing a drop on it, the growth 
is feeble and does not amount to more than a slight shining 
appearance of the surface. 

A nutrient solution made from an unripe pear, in which blight 
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germs were well distributed by shaking and then left undis- 
turbed for two days, gave the same isolated white dots as in 
gelatine; but they dropped to the bottom of the liquid upon 
being jarred. The bacteria were evidently prevented from 
moving freely by the jelly, which was not, however, thick 
enough to keep the groups in place when its cohesion was 
once disturbed. Fruit jellies, doubtless, may be found to be 
convenient media for the cultivation of this species of bac- 
teria. 

No success has been attained in the use of agar agar, but 
whether due to a want of adaptability in the substance, or to 
wrong manipulation, must be left to future experiments to 
determine. 

The opaque solid cultures proving most successful have been 
conducted upon freshly gathered unripe pears. Slices of these 
are placed under a moist bell-jar, and infected by touching with 
a needle that has been dipped in some substance containing the 
bacteria. In two or three days fine milky drops, like beads of 
dew, will appear scattered over the surface for 5 mm. or more 
about the infected spot. These will become somewhat larger 
after a time, while the spot which received the infection will turn 
slightly brown, the tissues gradually wasting away and forming 
a small depression. 

If, however, the slices, having freshly cut surfaces both above 
and below, are laid upon a plate with a little water, and placed 
under a bell-jar, the result is not the same. The dew-like drops 
appear within forty-eight hours, as in the other case, but increase 
rapidly in size, while a drop is also formed at the point of infec- 
tion. Drops finally appear over the whole surface of the slice. 
They remain more or less distinct, and soon become as large as 
a pea, retaining the globular or rounded form to a remarkable 
degree. Microscopically they are composed of the usual form 
of blight bacteria, suspended in a colorless fluid. After about a 
week, the drops coalesce and the tissues of the pear begin to 
break down. This sort of culture requires no precautions of 
sterilizing, as no other bacteria can multiply upon it till after the 
cells of the pear begin to die. 

When blight bacteria are sown upon slices of baked or boiled 
potato, they spread out over the surface in a thin, slightly moist 
layer, which is usually somewhat yellowish, but do not grow 
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readily, or produce a characteristic appearance. Under the 
microscope the cells are strongly refractive. 

A boiled potato was infected by thrusting a platinum wire, 
smeared with blight bacteria, into one end. After sixteen days 
it was cut open. No external change had taken place, and, to 
the unaided eye, no internal change either; the odor and texture 
were still those of a freshly boiled potato. The microscope, how- 
ever, revealed the blight bacteria in every part of the potato, in 
irregular motionless masses, and with more than the usual 
refractiveness. 

These opaque solid cultures have brought out one fact very 
distinctly, which is, that Micrococcus amylovorus requires a 
large supply of water for its best development—a fact which has 
an economic bearing. 

Behavior toward Staining Fluids.—So far as trial has been 
made, nothing especially characteristic has been detected to dis- 
tinguigh this form of bacteria from the majority of micrococci. 
The most successful results have been obtained with a watery 
solution of Bismarck-brown, especially in cover-glass prepara- 
tions. These make excellent specimens when mounted in 
Canada balsam. 

The zoogloea are inclined to be too deeply stained by this pro- 
cess, and for most purposes they are best studied unstained. 
They may be well preserved by mounting in glycerine. 

Hematoxylin has also given good results, but has not been 
found particularly useful. 

Chemical Products.—The chemical changes brought about by 
the activity of the blight bacteria have not yet been fully and 
carefully worked out. The most obvious product is carbon 
dioxide, which often passes off so freely from a cultivation as to 
produce a slow effervescence. Butyric acid and alcohol are 
formed in very small quantities, if at all. The tests by which 
these facts have been determined have already been published,! 
and need not be repeated here. Vigorous cultures of the bacteria 
in infusion of potato give no reaction for glucose with Fehling’s 
solution; and blighting tissues from the tree give no indication 
by the same test of more than the normal amount of glucose to 
be found in healthy tissues. On the other hand a quantitative 


1 Rep. N. Y. Agric. Exper. Station for 1885, p. 247; and less fully in 
Amer. Nat., vol. xix, 1885, p. 1181, 
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determination of sound and blighting pears, taken from the trees 
at the same time, shows considerably less sugar in the latter. 

A favorite explanation with horticulturists of the action of fire- 
blight upon the pear-tree, has been to say that the sap is poisoned. 
This poison was supposed to be introduced by insects, or to be 
due to some disorganization of the tissues. Although it is now 
known that specific bacteria are directly answerable for: the dis- 
ease, it is yet worth while to see if the old idea of a poison has 
not some foundation in fact. 

It has been ascertained that certain bacteria produce, during 
their growth, characteristic poisons which are classed under the 
name of ptomaines. Most of the ptomaines are non-volatile, and 
readily soluble in water or alcohol. The chemical tests which 
are applied for their detection cannot be considered conclusive 
except when taken collectively. The tests tried below are among 
the most satisfactory known at present.! 

A cultivation in infusion of potato, giving about 200 ce. of liquid 
was filtered, and the filtrate evaporated to a syrup. This was 
treated with alcohol, and the solution tested with the most char- 
acteristic test for ptomaines—the reduction of potassic ferric- 
cyanide. Other portions of the solution were successively tested 
with phospho-molybdic acid, potassio-mercuric iodide, and iodine 
in potassic iodide, all of which failed to give any distinctive 
reactions. 

Another trial was made with about 200 cc. of material prepared 
by cooking a potato in just enough water to cover it, sterilizing, 
and cultivating the bacteria in it as usual. In four days from 
beginning of the culture it was filtered; the residue upon the 
filter was treated with 100 cc. of distilled water, slightly acidulated 
with hydrochloric acid, heated to 70°C. and filtered. The two 
filtrates were united and evaporated to a syrup. This was digested 
in the cold with alcohol containing a little sodic hydrate. This 
solution was tested as before, and also with platinic chloride and 
concentrated sulphuric acid, and all with no distinctive reactions. 

A third trial was made with a boiled potato, which had been 
permeated with the blight. The extract was made by the Stas- 
Otto method, and the same reagents used as in the last case, with 
equally negative results. 


1 Cf, Brieger, Ueber Ptomaine, 1885, p. 22, e¢ seq. 
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These tests do not cover the possibility of the ptomaine being 
volatile, which is really not very great. It is yet necessary to 
make tests of freshly blighted tissues from the tree, which can 
only be done during the hot’ months. 

Action of the Organism in the Living Plant.—The bacteria of 
blight have the power of growth and multiplication in the pres- 
ence of the living cells of the pear, and in this one important 
respect differ essentially from other species of bacteria. By arti- 
ficial inoculation into growing unripe pears, which give most 
marked and certain results, it is found that other bacteria are 
entirely innocuous, at once disappearing without having made 
any growth or induced any changes in the tissue of the pear. If 
blight bacteria in active condition are intermixed with the other 
forms, they penetrate the cells, multiply, and finally bring about 
the disorganization and death of the tissues which marks the pro- 
gress of the disease, but the associated forms disappear the same 
as when introduced alone, and the product is a mass of practically 
pure blight bacteria. 

This result is rendered possible on account of the fact already 
stated, that the blight bacteria penetrate the tissues, and main- 
tain their normal growth for some time (days or weeks), before 
the life of the cells is sufficiently interfered with to permit the 
growth of other forms. The bacteria always extend beyond the 
visible location of the disease—in small branches, often to the 
distance of a third of a meter or more. 

One of the properties which enables this species to successfully 
penetrate the pear-tree is evidently its unusual indifference to 
acids, which prevents most other forms from making any 
growth; the juices of the pear give a strong acid reaction with 
test paper. 

What chemical changes are brought about by its activity in 
the plant cannot be definitely stated, further than to say that a 
mucilage or gum, which is soluble in water, is produced in abun- 
dance, with the disengagement of carbon dioxide. The contents 
of the cells, together with the cell-walls which have not been 
liquetied or changed into stony tissue, pass over into this viscous 
product. 


1 Rep. N. Y. Agric. Exper. Station for 1885, p. 248; Amer. Nat., vol, 
xix, 1885, p. 1181. ; 
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It was early observed by cultivators, being recorded by Coxe, 
that succulent shoots blight the most readily, and any process of 
cultivation which as far as possible prevents succulency has 
always been considered an aid in keeping the disease in check. 
The avidity of the blight bacteria for water has been well demon- 
strated in the cultures on slices of pears. There seems to be 
some connection between these facts and the well-known fact 
that the disease shows different degrees of virulence in different 
varieties of fruit trees, especially in different varieties of the 
pear. The variation, or at least part of it, to be observed in 
pears, apples, quinces, hawthorns, etc., may be due to some inhe- 
rent difference in the nature of the host, not readily formulated ; 
for we find that the blight bacteria will grow to only a slight 
extent in the succulent peach shoots, and not at all in most 
other plants.!. But in varieties of the same fruit it may reason- 
_ably be inferred that to a considerable extent the difference in 
the progress of the disease is due to physical causes. 

To determine what relation the hydration of the tissues holds 
to this question, a series of determinations of the percentage of 
water in the parts of the tree most subject to blight has been 
begun. These are yet incomplete, and can only now be referred 
to briefly. 

The Bartlett and Seckel pears very well represent the extremes, 
the first being most affected by the disease and the second least. 
Twigs taken from the tree in February were found to contain 50°2 
per cent. and 50°85 per cent. of water respectively. Twigs taken 
in the same way April 30, bearing flower buds, but with the 
leaves removed, gave 68-7 per cent. and 67°3 per cent. of water. 
The half-grown fruit, taken the first week in July, gave 79°3 per 
cent. of water for the Bartlett and 77 per cent. for the Seckel. 
According to these figures the amount of water in the Bartlett 
and Seckel twigs during the winter is practically the same, but 
during growth both the twigs and fruit of the Bartlett contain 
more water than those of the Seckel. These numbers give some 
support to the view that succulency and the strength of the dis- 
ease are directly related, but the data are yet too incomplete to 
warrant a definite statement. 


1 Rep. N. Y. Agric. Exper. Station for 1884, pp. 362, 377; Amer. Nat., 
yol. xix, 1885, p. 1182. 
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EXPLANATION OF PLATE III. 


The drawings were made with a camera lucida and a Spencer’s ;-objec- 
tive, homogeneous immersion, of 125° balsam angle. They are uniformly 
magnified 890 diameters. 


Fie. 1.—Micrococcus amylovorus Bur., grown upon a slice of boiled 
potato, stained with Bismarck-brown and mounted in Canada balsam. 

Fie. 2.—From a cultivation in hay infusion : a, separate bacteria ; 0, zoo- 
glea. The large mass, only part of which is shown, is made up of 
smaller masses more or less united. 

Fie. 3.—Small zooglea from a potato infusion, drawn from a preparation 
in Canada balsam, stained with Bismarck-brown. 

Fic. 4.—Portion of a zooglea mass from the same culture, showing an 
envelope free from bacteria. Drawn from an unstained preparation 
mounted in glycerine. 

Fie. 5.—Three zoogloeea from the same culture. 

Fie. 6.—From another culture in hay infusion. 
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OCTOBER 5. 
The President, Dr. Lxrpy, in the chair. 


Twenty-four persons present. 


A paper, entitled “ Observations on Multiplication in Amaebe,” 
by Lillie HE. Holman, was presented for publication. 


OcTOBER 12. 
Mr. CuHas. Morzts in the chair. 


Twenty-two persons present. 


Notes on the Lichens in the Herbarium of the Academy.—At a 
meeting of the Botanical Section, held October 11, Dr. J. W. 
EckFELDT, to whom had been committed the task of examining 
and arranging the Lichens in possession of the Academy, reported 
the result of his work, which had extended over two years. 
Besides the collections upon the shelves, made by Schweinitz, and 
by him bequeathed to the Academy, and that received from the 
late Prof. Tuckerman, he had found stowed away among miscel- 
laneous packages: Ist, a collection made by Thomas G. Lea, of 
North American species, many without names, or incorrectly 
named ; 2d,a small collection made by H. W. Ravenel, chiefly from 
the vicinity of Aiken, or along the Santee Canal in South Carolina, 
in all about 60 to 70 species ; 3d,a small collection of Arctic spe- 
cies made by Dr. Hayes; 4th, a small collection of European 
species made by Parmentier at a very early date; 5th, a set of 
Scotch Lichens from Mr. Manghen ; and a few scattered species 
from various American collectors. To each of these collections . 
he had given a careful microscopic examination, and had named 
and classified them on the basis of Prof. Tuckerman’s Genera 
Lichenum. He had also added to these from his own private 
herbarium more than 400 species, both North American and 
foreign. All these collections had been incorporated in one, and 
occupy one of the cases in the lower room, as a nucleus for the 
Academy’s general collection of Lichens. 

For obvious reasons it had been deemed advisable to maintain 
apart and undisturbed the type collections of Schweinitz and 
Tuckerman, but a general catalogue has been prepared including 
all, by which proper reference to the contents of each is facilitated. 
He had, moreover, gone carefully through the Schweinitzian col- 
lection, and, while leaving the original names unchanged, had 
indicated upon the outside of each packet such changes as are 
required by the present state of knowledge. 

The total number of species of Lichens now in the Academy’s 
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Herbarium is 736. In the general collection are 570 species, and 
in the Schweinitzian are 462. The general collection contains 
244 species not found in the Schweinitzian, and the latter has 
282 species not found in the former. In all, 65 genera are well 
represented. 

In regard to the Schweinitzian collection he remarked that the 
same species often there appeared under several names, being 
simply in different stages of development. Genera too were 
founded upon juvenescent stages or gonidial conditions which, from 
the time of Acharius to that of Schweinitz and later, were con- 
sidered sufficient to establish generic distinctions. For example, 
such genera as Leparia, Isidium and Byssus, were then deemed 
valid, but are now considered to be, some of them young and 
irioid states of plants mostly belonging to the section Lecanora ; 
others, sterile states of Omphalaria, Cznogonia, or other Colle- 
matous Lichens. 

He spoke of several rare and interesting specimens in the col- 
lection. Of these, in the Schweinitz Herbarium, is a crustaceous 
Lichen found in 1812 at Salem, N. C., on a granitic rock, and 
called by the collector Gyalecta candida, and by this name known 
only to a few up to the year 1866. At this period Prof. Tucker- 
man described the plant in an Appendix to his Lichens of Cali- 
fornia as Opegrapha ontocheila, thus placing it permanently in a 
well-established genus of gymnocarpous Lichens. This specimen 
was the only one known until 1885 when Mr. Green found upon high 
projecting schist rocks along the Catawba River at Landsford, 
Chester Co., 8. C., a lichen which was supposed to be new, until 
Prof. Tuckerman, just previous to his last illness, identified it 
with that found by Schweinitz as above. Dr. Eckfeldt also re- 
ferred to a remarkable foliaceous Lichen found near Cincinnati by 
Mr. T. G. Lea in 1839, formerly known as Parmelia Ohionis (Lea, 
Catal. Pl. Cincinnati, p. 45), but since described by Tuckerman 
as Physcia Leana. So far as Dr. Eckfeldt was aware, this rare 
species had not since been found. He also referred to the diffi- 
culties encountered in the examination of much of the material, 
many of the types being old and fragile, having lost the parts 
most important for study, for want of proper care. Only a prac- 
ticed eye, aided by constant use of the microscope, and by com- 
parison with authentic specimens, can surely determine the doubt- 
ful and difficult forms present in this section of cryptogamic 
botany. 


OctToBER 19. 
The President, Dr. LErpy, in the chair. 
Twenty-seven persons present. 


A paper entitled ‘“‘ The Genera Mesonyx and Pachyzna Cope,” 
by Wm. B. Scott, was presented for publication, 
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On the Interdependence of Plants.—Mr. Tuomas MEEHAN called 
attention to the well-known fact in geographical botany, that 
species of plants which once had evidently a wide dispersion now 
existed only as separate colonies often of a few plants only, the 
intermediates between these widely separated colonies having 
evidently disappeared. The cause of these disappearances had 
not been definitely determined. It was found thatthe still exist- 
ing individuals were evidently in good health; they flowered 
freely, and perfected seeds, but still the plants did not spread. 
He gave a number of illustrations within his own observation of 
afew rare plants that had maintained their existence for over a 
quarter of a century, with about the same number of individuals 
now as at the beginning of the term. As the seeding was regular 
and perfect, why was dispersion arrested? There could be but 
one answer. Something prevented the germination of the seeds, 
or of subsequent growth after germination. No doubt there may 
be other causes, but this one must have a leading influence. 

It then becomes an interesting branch of study to inquire why 
these seeds do not germinate, and thus aid the plant to recover 
the ground lost through destructive agencies ? 

An observation extending over about six years led him to con- 
clude that there was much in the interdependence of plants. What- 
ever affected the existence of individuals of one species might 
lead to the extermination of numerous others, and the successful 
endeavor of one to establish itself in one locality gave the neces- 
sary opportunity to follow and sustain themselves. This obser- 
vation was as follows: A wood, chiefly of chestnut and oak, of 
about an acre in extent, was turned into a picnic ground—a place 
for summer pleasure parties. All the shrubby undergrowth was 
cut away. The plants which might have grown up, were kept 
tolerably well trodden down by the numerous visitors to the 
wood, except one solitary blackberry plant (Rubus villosus), 
which, being thorny, led to its avoidance by human feet. After 
the second summer, some change in railroad arrangements led to 
the abandonment of the wood for picnic purposes, and plants had 
a chance to grow up again without disturbance from human 
beings. The blackberry plant, by the aid of its creeping roots 
now forms a thicket of about thirty feet in diameter. The follow- 
ing list of plants growing among the blackberries, that were not 
found in any part of the wood, except the last two, which were 
in small quantities here and there, was made in October of this 

ear :— 
‘ Eupatorium perfoliatum, Rubus occidentalis, Liriodendron 
tulipiferum, Cornus alternifolia, Smilacina racemosa, Ambrosia 
artemisixfolia, Laurus sassafras, Polygonum Persicaria, Achillea 
millefolium, Solidago canadensis, Mulgedium acuminatum, Bidens 
frondosa, Silene verticillata, Fragaria virginiana, Aster longi- 
folia, Eupatorium album, Circexa lutetiana, Geranium maculatum, 
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Acer rubrum, Phytolacca decandra, Muhlenbergia diffusa, Poten- 
tilla canadensis, the last two to some extent in the wood. 

All the kinds, however, grew in the vicinity of the acre of 
. woodland, though not within its limits, and it was easy to note 
that they had grown from. seeds falling or brought to the black- 
berry patch during the last three or four years. Those who are 
familiar with the seeds of these plants will understand that there 
is nothing special about the seeds of these species that would 
easily lead to their being brought there by birds that might 
rendezvous in the thickets. We must look to the wind as the 
_ chief agent in transporting them there. This being the case, we 
should look for the plants from wind-sown seeds in other por- 
tions of the wood, as well as in the blackberry patch. That they 
are not in the wood elsewhere permits us to say that the shade, 
moisture, preservation of decaying leaves, or of some other inci- 
dent not acceptable to other plants in the wood, but favorable to 
these strangers, gave them the chance to sprout and grow. 
They were, in fact, dependent on the blackberry for their 
first start in life. This conclusion was further evidenced 
by the fact that, though some of the annuals had evidently 
seeded and reproduced plants for several successive seasons, no 
plants were found spreading out of the protecting area of the 
blackberry thicket. Certainly these species were all dependent 
here on this plant, as this plant would probably be dependent on 
others in some other instances. 

How some plants can exist, grow healthily, produce seed, and 
not spread, Mr. Meehan illustrated in the case of Shortia galaci- 
folia, the original locality of Michaux having a few months ago 
been rediscovered by Professor OC. S. Sargent. Though it had 
maintained itself for the best part of a century, it had existed 
without spreading. Some circumstance had evidently prevented 
the seed from germinating, and these circumstances would 
undoubtedly be controlled by the presence or absence of some 
friendly plant. He offered the facts as a contribution to the 
study of the interdependence of plants. 


OcTOBER 26. 
Mr. Gro. W. Tryon, Jr., in the chair. 
Thirteen persons present. 


The following was ordered to be printed :— 
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OBSERVATION ON MULTIPLICATION IN AMG@BZ. 


BY LILLIE E. HOLMAN. 


On the 4th of July, 1886, 1 was examining the forms of life 
contained in a Holman life-slide, which had been filled for 
several hours. It contained different Infusoria, and among 
other animals, specimens of Molosoma. But it seemed for some 
time as if there were no amcebe in the slide, until I discovered 
a small one near the channel. In shape it seemed like an elon- 
gated triangle, and was rather torpid, or at least moved but little. 
While I was examining it, it moved up closer to the line of the 
channel, and another amceba, about twice the size of the first 
one, came gliding on the scene. It moved up very close to the 
other, and in a few moments I noticed that it looked as if it were 
trying to swallow the smaller amceba, in the same manner that 
it does its ordinary prey. As I had watched many amcebe and 
had never seen anything like this, and as I knew that they did 
not prey on each other, and the question of their conjugation 
was a very doubtful one, I dismissed the idea of the larger 
absorbing the smaller, and concluded it was merely the fact that 
they were in too tight a place to allow of their passing each other 
which gave them this appearance. I watched them constantly 
for about half an hour, in course of which time I became con- 
vinced that something unusual was going on. 

The larger amceba had entirely surrounded the smaller one, 
which, however, did not seem to lose its vitality. First it seemed 
to be under the endosare of the larger, and then above it. 
Sometimes it would project a pseudopod out from beyond the 
ectosare of the larger animal. All the time it was distinctly 
visible in its own individuality, if one may so call it, and did not 
at all seem to be trying to escape. I called Mr. Holman’s atten- 
tion to the singularity of their behavior, and expressed my 
belief that it was a case of either cannibalism or conjugation. 
He expressed his disbelief in either of these cases, and observ- 
ing that the water in the slide was evaporating, we allowed a 
little to creep in under the closed edge of the cover-glass. This 
seemed to relieve the large amceba from the constrained position 
and flat contour which it had assumed, and it immediately com- 
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menced to put out pseudopods and move away; and the smaller 
one moved off with it, evidently engulfed in the larger one, and 
quiescent in that position. 

The small amceba occupied a position in the upper part of 
the larger one. As this last moved on, it seemed to push 
the small one in an opposite direction from that which its gran- 
ules were taking, till it reached about the centre of its body. 
Then it commenced an evident effort to expel the smaller one. 
It reached out its pseudopods in every direction, gradually ex- 
pelling the smaller one until it was completely discharged. The 
smaller one, by this time, assumed an almost spherical shape. 

At last the large amceba ceased moving, and commenced to 
expel refuse matter such as is common with them. It had 
anchored itself near some other refuse matter, probably vege- 
table, and really looked as if it was using it as a sort of grapple 
for the purpose of ridding itself of the rejected smaller amceba. 
It was successful; for in a few moments it moved away to the 
upper part of the field, leaving the round ball, looking in every 
respect like an encysted amceba, near the little group of refuse. 
It went on in the field, and we followed it for some time, when it 
became quiet, and we went back to the encysted one. I watched 
it to see what would happen next, for it seemed as if there must 
be some strange sequel to our remarkable observation, and the 
watching was not in vain. The flat disk commenced by a sort. 
of contractile movement, to throw out particles or granules, as if 
it were laying eggs. I can think of no other expression, although 
the particles, while approximate in size, had no regularity of 
shape. This continued till the amceba again assumed its clear 
and transparent appearance, and at last, seeming to fully regain 
its activity, put out a pseudopod and moved in the field, leaving 
behind it a group of the particles or granules. Only for a little 
while, however, did it move; in a few moments it lost its anima- 
tion, seemed to become transparent, and at last faded into one of 
those disks which seem to be merely the shells of once active 
forms. I did not see it move again. 

This observation was carried on continuously during two 
hours and a half, and every stage watched most closely. I was 
at a loss what to call it, if not a clear case of conjugation and 
separation, 
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The most convincing proof to my mind that this was a pro- 
ceeding which was for a purpose, was given when, two nights 
after, this slide, which was laid carefully aside for future exami- 
nation, was found to be full of young amebe. They literally 
swarmed ; I counted in the field at one time twenty-four of uni- 
form size, while I have no hesitation in saying that there were 
between one and two hundred in the slide, which had before held 
but two. The worn-out disc was recognized, and also what 
seemed to be the remains of the larger amceba. 
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NOVEMBER 2. 
The President, Dr. Jos. Leipy, in the chair. 


Nineteen persons present. 
The death of Dr. Geo. Martin, a member, October 28, 1886, 
was announced. 


NOVEMBER 9. 
Mr. Geo. W. Tryon, JR., in the chair. 


Twenty-two persons present. 

The death of Chas. C. Phillips, a member, November 5, 1886, 
and that of John S. Haines, a member, November 4, 1886, were 
announced. 

The Publication Committee reported that the paper entitled 
“The Genera Mesonyx and Pachyzna, Cope,” by Wm. B. Scott, 
would be published in Vol. IX, Part 2, of the Journal of the 
Academy. 


NOVEMBER 16. 
Mr. Tuos. Mernwan, Vice-President, in the chair. 


Twenty-five persons present. ; 
A paper entitled “Onan Undescribed Meteoric Iron from East 
Tennessee,” by F. A. Genth, Ph. D., was presented for publication. 


On Petiolar Glands in some Onagracee.—Mr. THoMAS MEEHAN 
remarked that stipules were unknown in Onagracezx, but in Lud- 
wigia (Isnardia) palustris there were two minute conical] gelatin- 
_ous glands that appeared to be stipular. They existed in series of 
specimens representing the Atlantic and Pacific coast, and from 
Europe, those from California being larger than in specimens 
from other locations. They are found in all the species of Lud- 
wigia and Jussieua that he had been able to examine. In these 
they appeared petiolar rather than stipular. In the dried speci- 
mens of Circea a dark spot indicated the position occupied by 
the glands in other species. They mostly varied in form and 
exact position with the species, and only for having been wholly 
overlooked by describers might have afforded some good specific 
characters. The discovery he regarded as interesting, as con- 
firming the views of those botanists who had brought Turnera- 
cee, in which the petiolar glands were known to exist, in close 
relation with Onagracez. 

In the specimens of Ludwigia palustris, dried to exhibit with 
this communication to the Academy, a single capsule only, cut 
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across for examination, projected the seed into his face while the 
capsule was being examined with a lens, indicating a projecting 
power not before known to exist in the species. 


NOVEMBER 23. 
Mr. Joun H. REprFIevp in the chair. 
Nineteen persons present. 


Manganese Zinc Serpentine from Franklin, N. J.—Prof. 
GrorcE A. Kornta placed on record the determination of a man- 
ganese zinc serpentine from Franklin, N. J. The material was 
collected in summer, 1885, as a very peculiar Wallemite, so called 
at the mine. It is a very compact mineral substance, having a 
dark brown dull color and subconchoidal fracture, the splinters 
resembling horn chips. It is translucent on the edges, and when 
ground into a thin plate transmits a uniform brown-yellow light. 
Under the microscope this section of the purest material shows 
strings of minute black grains. Between two crossed nicol 
prisms the section appears light, proving a crystalline structure 
other than isometric. But a few grains, a light yellow in ordi- 
nary light, behave like an isometric substance, and are probably 
grains of yellow garnet, which is one of the associate minerals. 
Spee. gr. = 2°635. It is decomposed by sulphuric acid like 
Serpentine. 

The mean of two well-agreeing analyses gave 


SiO? — 42-20 (including 0-298 MgO, 0-2 ZnO). 
Fe?02— 2°80 
MnO = 1:44 
MgO = 29:24 
H.O = 14:04 
99°62 


Let Fe?O% be supposed to be present as Franklinite, requiring 
0°8 ZnO and 0°53 ZnO, then we have 4°15 per cent. of Franklinite 
mixed with the silicate, and the composition is now 


SiO? == 41:70: 1°390 
MeO — 29-24 : 1-462 
MnO == 6°91 :'0°194 > 1°733 
ZnO — 3:10: 0-077) 
H?O = 14:04 : 1°533 
Franklinite — 4:15 
Pyroxene = 1°02 
100°16 


This gives the ratio, Si0?: RO: H?0 
DA Ibe" TH 


TORONTO, November 8th, 1907. 
To the Members of St. Alban’s Cathedral Congregation. 
BELOVED BRETHREN, 


In making my Annual Appeal to you on behalf of the 
Missionary Society of the Canadian Church, I regret to have to 
report a falling off in your contributions to this date from those of 
last year. 


The figures stand as follows :—— 


1906 1907 
For Epiphany, Appeal-.°...-......-. 9o> Oo $49 50 
For Ascensiontide Appeal....°...-... 56 2a 36 39 
Hrommsuncdaye Ss CHOOMs ace qemiiaee ae ih tOU) 42 18 


$166 28 $128 07 
To make up this deficit of $38.21 will require a sum of $382.46 
in Annual Subscriptions to bring the total up to that of last year 
which fell short of the preceding year’s by $115.05. 


b) 


I therefore appeal to you most earnestly for the sum of $500 
through this individual canvass, as the Jeast contribution that can 
be regarded as worthy of our increasing and favoured congregation 
towards such a cause. 


The flow of emigration from the Old Country into our North 
West is growing by leaps and bounds year by year, calling upon 
us to put forth our most strenuous efforts to seize the opportunity 
of building up a strong Church to be the bulwark of onr Canadian 
nation. 


Our obligations to Japan, our chosen Foreign Mission Field; 
also steadily increase, while the awakening of China is loudly 
calling upon us to enter in and possess that mighty Empire in the 
name of Christ, the King of all the earth. 


You will find herewith (1) a card on which to enter the 
names of all contributors in the family, with amounts, (2) an en- 
velope for the card and contributions, to be placed in the Offertory 
plate at the Cathedral on the earliest Sunday possible. 


All these envelopes should come in not later than 
the 15th of December. 


Praying that you may all, old and young, have grace given 
you, to enlist heartily in the cause of the world’s conquest for 
Christ and enjoy the blessedness of the cheerful giver and the 
earnest Missionary, 

fF am, 
Your faithful Friend and Archbishop, 


ARTHUR (TOROR FO: 
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Under the circumstances, that is, in view of the microscope 
showing the admixture of an isometric or amorphous body, this 
ratio is sufficient to establish the material as a Serpentine. 

Associated with the Serpentine, besides the minerals already 
mentioned, is a light grayish fibrous mineral. This is composed 
of Calcite and two Silicates, a silicate decomposable by Hel 
(probably equal to the above serpentine), and a silicate insoluble 
in Hel, which is probably a pyroxene. Several analyses have 
been made without establishing the nature satisfactorily. 


On Miocene Fossils from Southern New Jersey.—Prof. HEILPRIN 
called attention to a limited collection of fossils from near Bridge- 
ton and Jericho, Cumberland Co., New Jersey, representing the. 
Miocene formation of that State. The species identified were : 
Terebra curvilirata, Turritella xquistriata, Turritella Cumber- 
landia, Trochita centralis, Fissurella Griscomt, Chama congre- 
gata, Astarte distans (undulata), Crassatella melina, Arca cen- 
tenaria, Nucula obliqua (proxima), Perna mazxillata, Pecten 
Madisonius, Pecten sp. ? Orbicula lugubris. 

A number of these forms—nearly one-half—had not been 
identified in the State before, although fairly abundant in the 
Miocene tract of the region to the south. They are therefore 
interesting as bearing directly upon the question of horizon 
which the scantily-represented Miocene fauna of New Jersey 
indicates. The speaker stated that in his work, ‘ Contributions 
to the Tertiary Geology and Paleontology of the United States” 
(1884), he had suggested that the probable position of the 
deposits in question would be found to be in the ‘* Marylandian ” 
series—Lower Atlantic Miocene—a view sustained by the addi- 
tional fossils that have now been brought to light. 


On the Helictites of Luray Cave.—Dr. Cuartes 8S. Dottry 
remarked that during a recent Visit to the celebrated Luray 
Caverns his attention was called to the peculiar branching stalac- 
tites known as helictites (2/:F,a spiral), and the question arose as 
to the method by which a stalactite gives off a horizontal branch 
at right angles; this branch in its turn perhaps sending out twigs 
at greater or lesser angles, and at varying degrees of inclination. 

For a better opportunity of studying this interesting phe- 
nomenon he was permitted to visit in company with Dr. Leidy a 
chamber seldom opened to inspection, and which, from the deli- 
cate and fantastic character of its limy deposits, has been called 
the “ Toy Shop.” Here the stalactites were found to be of very 
recent formation, small, hollow, and increasing rapidly. Many 
branching specimens, or helictites, in all stages of growth, were 
to be seen. After some time spent in a vain search for an expla- 
nation of this anomalous structure, he happened to notice two 
specimens, the incipient branches of which were directed towards 
each other; stretched tightly between the branches, and entering 
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the hollow tip of each, was a delicate thread, bearing a string of 
dew-like drops glistening brightly in the candle-light. Further 
search revealed numerous specimens in which the lime-water 
trickling down the stalactite met a similar filament, and being 
partially diverted bad formed a drop at the point of junction; 
about this drop beautiful aragonite spicules were forming the 
hollow horizontal branch, the drop of water in the end being 
retained in position by the filament piercing it, and upon which 
it is gradually pushed along as evaporation deposits the lime 
behind it. The length of the branch depends, of course, upon 
the length of time in which the filament remains intact. : 

These filaments, which are thus seen to be the cause of the 
formation of lateral offshoots to stalactites, are the products of a 
small cave spider. 


NOVEMBER 30. 
The President, Dr. Jos. Lxerpy, in the chair. 


Thirty-three persons present. 
A paper entitled ““On Schorlomite as a variety of Melanite,” 
by Geo. A. Koenig, M. D., was presented for publication. 


On Hematoxylin in the Bark of Saraca Indica.—Miss HELEN 
C. DES. Axssorr stated that De Candolle! and Linnzeus describe 
Saraca Indica as a member of the family Leguminose. Accord- 
ing to De Candolle it belongs to the genus Jonesia, Saraca Linn., 
and is separated by five genera from the genus Hematoxylon or 
the logwood. 

In an article on certain drugs indigenous to India, Dr. Waring? 
gives an account of the medicinal uses of the bark of Saraca 
Indica. The attention of Messrs. Parke, Davis & Co., Detroit, 
Michigan, was called to this drug, and through their correspond- 
ents in India they secured a supply, samples of which have been 
submitted to the speaker for a chemical analysis. The full 
results of this analysis will appear elsewhere, but it is now 
desired to announce a discovery of practical and _ scientific 
interest in this connection. 

A coloring principle, identical with logwood dye, has been 
isolated by her from the bark of Saraca Indica, where it existed 
in two conditions, as hematoxylin and an oxidized product. 
The former was separated as yellow crystals, analogous in form 
to hematoxylin crystals from the true logwood, Hematoxylon 
campechianum. The alcoholic extract of the bark contained 
about 18 per cent. of a red colored substance, which agreed in 
color and dye tests with a like constituent found in logwood. 


1 Pro, Sys. Nat. Reg. Vegetabilis, vol. ii, p. 487. 
? British Med. Jour., June 6, 1885, p. 1145, 
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Mordanted cotton fabric was dyed with hematoxylin, extracted 
by ether from the Saraca bark, and presented the characteristic 


logwood dye colors. 
The following is a table of dye wood colors with reagents, 


yielded by Brazil wood and logwood :! 


* 


Reagents. Brasilin. Haematoxylin. 


ARRAICH se sc cee Claret-red sol., . . Reddish purple sol. 


Acids (dilute), . . . Orange ppt., . . . Pink solution. 

ee CHETOND); 5 < . VCO Ware Wea es he 
AG) ar Crimson-red ppt., . Yellow then violet sol. 
Lime-water, . 3 “1 eS Og Bluish purple ppt. 
Ferrous salts, . . . Purplish bV’k “*. black; ah 
Ferric Je Hegre Brownishred ** Black sf 
Copper ‘ a othe a a a Purple sol. 
Lead se Ae SDAA Crimson-red ‘*  . Violet ‘° 
Mercurie ‘‘ Sager Yellow ares Yellow ‘ 
Silver ee 5s ores Ly Le ie Gray ppt. 
Tartar emetic, . . . Rose-colored ‘° A Purple sol. 
Stannous chloride,. . Red $7) live [oer ppt 
Sodium aluminate, . Claret-red erie Stee BEE 


The extracts of Saraca Indica bark, containing the coloring 
principle, were tested with these reagents, and it was observed 
that the reactions agreed with the hematoxylin colors, and in no 
case with those of brasilin. However, the colors produced by 
different alkalies varied in tints as she had found in both the 
logwood and Saraca extracts, but the general term “ reddish 
purple solution’ is comprehensive. A rose-violet precipitate 
was yielded by stannous chloride solution with the neutralized 
acidified extracts of the barks. 

The bark of the logwood-tree is not used for making the com- 
mercial logwood extracts, the wood of the tree being employed 
for this purpose. The presence of a small quantity of hema- 
toxylin was determined in the specimens of logwood-bark which 
she examined, and with the bark extracts the same reactions with 
reagents were obtained as with the logwood extracts, but owing 
to the smaller percentage of dye in the bark the colors were less 
intense. In the case of the Saraca Indica bark the colors were 
very brilliant and indicated the presence of a larger proportion of 
the coloring matter than in the logwood bark. These results 
should encourage investigators to secure specimens of the wood 
of the Saraca, in order to determine if it contains the coloring 
principle, and should this be ascertained affirmatively, whether it 
exists in sufficiently large quantities to warrant its introduction 
as a new source of this commercial product. 

To exhibit the colors produced by alkalies upon the dye from 


1§. P. Sadtler and Wm. L. Rowland, Am, Jour, of Phar., Feb., 1881. 
24 
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logwood bark and Saraca Indica bark, the powdered material 
was macerated over the water-bath with distilled or filtered river 
water acidulated with dilute sulphuric acid (1 part to 50), the ex- 
tract was filtered and the process repeated until no more color 
was removed. This extract was treated directly with the reagents. 
Excess of reagents produced darker tints, and after a time the 
solutions were decolorized. 


Saraca Indica. Bark 
Reagents. Hematoxylon Campechianum. ; 


Acidified Extract. 


Sodium Carbonate. Pale purple to reddish violet sol. 
Sodium Hydrate. Blue violet ppt. and sol. 
Potassium Hydrate. Red-colored solution. 

Ammonia. Pinkish-purple solution. 


Among other constituents contained in the Saraca bark, catechin 
and saponin were determined. Their presence along with hema- 
toxylin is significant as showing the chemical position of Saraca 
in relation to the genera Acacia and Hzmatoxylon ; catechin and 
saponin being found,as is well known, in Acacia. The evolutionary 
position of the order Leguminose, to which these genera belong, 
was pointed out in a former paper,! and it was stated that all 
orders containing saponin came under the middle division of M. 
Heckel’s botanical scheme,? or multiplicity of floral elements. 
The facts accumulated from recent researches, since the publica- 
tion of her article in the Botanical Gazette,and the discovery 
of saponin in many plants of widely different genera and families, 
seem to justify and confirm what was stated in the article 
referred to above, “‘ saponin is invariably absent where the floral 
elements are simple; it is invariably absent where the floral 
elements are condensed to their greatest extent. Its position is 
plainly that of a factor in the great middle realm of plant life 
when the elements of the individual are striving to condense, and 
thus increase their physiological action and the economy of parts.” 


George McClellan, M. D., and George L. English were elected 
members. 

Prof. E. Selenka was elected a correspondent. 

The following was ordered to be printed :-— 


1 Certain chemical constituents of plants considered in relation to their 
morphology and evolution, by H. C. De S. Abbott. Botanical Gazette, 
vol. xi, 1886, p. 270. 


2 Les plantes et la théorie de l’évolution, Revwe Scientifique, 13 Mars, 1886. 
3 Loc cit. Botanical Gazette. 
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ON SCHORLOMITE AS A VARIETY OF MELANITE. 
BY GEO. A. KOENIG, PH. D. 


On the basis of a titanium Melanite from a new locality in 
Southwestern Colorado, the hypothesis is proposed that Schor- 
lomite from Magnet Cove, Arkansas, may be considered as a 
Melanite in which Titanium replaces both Silicon and Aluminum. 
By a series of analyses of Schorlomite and Melanite, it is pro- 
posed to establish the above hypothesis beyond doubt. The 
following results are merely given as preliminary information. 

The material from Colorado, obtained through Moritz Stockder, 
Mining Engineer at Lake City, shows the Melanite as black 
masses imbedded in a greenish yellow, fine granular matrix, with 
undefined boundaries. No crystal planes were observed. The 
color is deep black, brownish at thin edges, and in thin plates. 
It has an uneven fracture, rather resinous lustre. Sp. gr. — 3°689. 

Thin sections under microscope show the homogeneous charac- 
ter and optical indifference of the substance. 

B. B. several splinters fused at 3 with slight formation of 
bubbles (CO). Hydrochloric acid decomposes the mineral very 
slowly. The analysis gave in two determinations: 

SiO? = 30°71 
AOA V SHE 
APOY R= 9226 
Fe?03 — 22°67 


CaO = 34:29 
CO? = 1:48 (loss by fusion). 
99°82 


0°5 gr. decomposed in sealed tube required 2°2 cc. of per- 
manganate (titre = 0:0058 Fe). TiO? + Al’O* were separated 
from Fe?0? by (NH*)’S in tartaric solution, and Al?’O? from TiO? 
by acetic acid according to Gooch. 

Assuming that Ti replaces Si the ratio is obtained (Si, Ti)O? : 
(Fe, Al)?03: CaO = 3°728: 1: 3°49. But assuming that Ti re- 
places the sesquioxides in part as Ti?O* under the hypothesis that 
the permanganate was reduced by Ti?O® we obtain 3°28 Ti?O° as 
replacing alumina = 3°64 TiO”. It having been ascertained that 
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the loss by ignition is owing to CO? and not to water, its equiva- 
lent of CaO was subtracted. Thus corrected the composition of 
the mineral is: 


iO? =3071: 60 — 0°5120 
SiO i 07 \ 0568 


TiO? = 4:47: 80 = 00560 

TO? = 3:29: 144 = 00230 

Fe?0* = 2967: 160 = 0342 01s 
ALO? = 2-26 : 103 = 0-0220 

CaO = 32-41: 5605730) _ 
MgO = 0:30: 40 =0-0070 \ ee 
MnO = trace 


99°47 
This gives the ratio 
(Si, Ti)O? : (Fe, Ti, Al)?0*: (Ca, Mg)O? 
a Op ir ts 1 :  3°102 
quite satisfactory to the formula of Garnet 
Ca’(Fe, Al)? SO” 


The greenish yellow matrix shows under the microscope an 
intimate mixture of three minerals, one of which is Calcite, one 
a green and one a white Silicate. Its composition is given with- 
out at present expressing an opinion as to its mineral nature. 


Spec. Gr. 3°137 


SiO? = 40°76 
TiO’ == We2d 
AVO* —— eo 
FeO ==. 3°98 
K’O ==110°89 
Na’O == 0°96 


Co" H"O+==""696 


98°18 
A specimen of Schorlomite from Arkansas was analyzed with 
great care to test the hypothesis that Schorlomite is simply a 
titanium Melanite. The material was like anthracite in lustre 
and color, quite opaque, even in thinnest sections. It decomposes 
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readily with HCL. The reduced permanganate was calculated as 
rr OSs. 
Spec. Gr. = 3°876 at 23°C. 


SiO? — 2580: 60 = 0-430 \ 0686 
TiO? — 1246: 80: — 0°156 
Ti70%— 4:44:144 — 0°081 
mieO*— (1-00-1035) vans 038 
Fe?03 — 23-20 : 160 = 07145 
CaO = 31°40: 56=—0°561 
MeO = 1°22: 40— van |e 
MnO = 0°46: 71 = 0°006 


99°98 
This gives the ratio— 


(Si, Ti)O? : (Fe, Ti, Al)?O0? ; (Ca, Mg, Mn)O 
3°16 1 : 3°22 

While not so near to the normal ratio, it is near enough, espe- 
cially considering the difficulty of estimating Ti’O%, in warranting 
the hypothesis that Schorlomite has the formula of garnet, is 
isomorphous with it, and exists, as the writer hopes to establish, 
in a complete series of intermediate members; so much so, that 
it will be impossible to say where Melanite stops and Schorlomite 
begins, even though every titanium Melanite be not called Schor- 
lomite. 
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DECEMBER 1. 
Mr. Wo. W. JEFFERIsS in the chair. 


Seventeen persons present. 

A paper entitled, “Observations on the upper Triassic mam- 
mals Dromatherium and Microconodon,” by Henry F. Osborn, 
Sc. D., was presented for publication. 


DECEMBER 14. 
The President, Dr. Lerpy, in the chair. 


Twenty-one persons present. 
The death of Isaac Lea, LL. D. was announced. 
The following was ordered to be printed : 
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OBSERVATIONS UPON THE UPPER TRIASSIC MAMMALS, DROMATHE- 
RIUM AND MICROCONODON. 


BY HENRY F. OSBORN, SC. D. 


In 1857 Prof. Emmons! described portions of three small mam- 
malian jaws from the Upper Triassic (Chatham Coal Fields) of 
North Carolina, which he assigned to the new genus Dromathe- 
rium. The type-specimen is now in the Geological Museum of 
Williams College. Another specimen is in the collection of the 
Academy of Natural Sciences of Philadelphia. I cannot ascertain 
the whereabouts of the third fragmentary specimen mentioned by 
the author. Iam indebted to Prof. Samuel F. Clarke, of Williams 
College, for an opportunity of studying the type specimen. 
Although slightly injured in the original removal of the matrix, 
this fossil is in beautiful preservation, and gives the complete 
mandibular dentition, with the exception of two molar crowns. I 
soon observed that my drawing, made under a camera, did not 


Se, Qeeaet ; 


Microconodon and Dromatherium. Natural size, 


agree with that given by Emmons, in his American Geology, Part 
VI, p. 94, which has since been copied by Owen, Dana and others. 
This discrepancy was apparently explained later by a comparison 
of the Williams College specimen with that in the Academy of 
Natural Sciences of Philadelphia. In the latter, although the 
mandible is nearly complete, two molars and two premolars only 
are preserved, but these indicate a distinct genus. As Emmons 
referred both jaws to the same genus, it is not unlikely that he 
supplemented the rather obscure characters of the teeth in his 
type-specimen with the very obvious tooth patterns of the less 
perfect specimen. Thus, while the number of the molars in 
Emmons’ drawing follows the type-specimen, their form resem- 
bles that observed in the Microconodon molars, which will pre- 
sently be described. 

Those familiar with the works of Professors Owen and Marsh 
upon the Mesozoic mammalia are aware that sharp distinctions 


1 American Geology, Part VI, pp. 93 and 94, 
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in the molar series of the mammals of this period do not exist. 
That is, the only distinction drawn between molars and premolars 
is one of form; we have no data as to permanent and deciduous 
dentition, except possibly in the genus Yriconodon. The rule 
adopted is that, where the post-canine teeth are not all alike, the 
series of like form following the canine are called premolars; 
and those behind these, of another form, are called molars. 
This rule has been applied to all genera, excepting Phascolo- 
therium and Diplocynodon, where all the post-canine teeth are 
practically alike. 
DROMATHERIUM. 

Dromatherium sylvestre Emmons. 

Generic Characters.—Incisors and canines erect. Molars and 


premolars unlike. Molar-premolar series compact, leaving a 
wide diastema between the canine and first premolar. Premolars 


Dromatherium sylvestre Em. Magnified. 


high, styloid and procumbent, with no cingulum and probably 
single fanged. Molars bifanged with high pointed crowns and 
minute sometimes bifid cusps on the anterior slope and distinct 
pointed cusps on the posterior slopes. The dental formula is 
‘i 3 C. 1 Pm. M. 7 
The incisors are nearly erect, and are separated by interspaces 
equaling the diameter of their crowns, which indicates that the 
superior incisors interlocked with them. I, is low and small; I, 
is larger and more erect; I, is very high, slender and slightly 
recurved, resembling the canine. The canine is tall, stout and 
recurved, and in form is similar to the canine of Peralestes. 
There is no indication of a double fang. A wide diastema sep- 
arates this tooth from the premolars. These teeth are styloid 
in shape, and strongly procumbent. The two anterior are appar- 
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ently supported on single fangs. The crowns are subcylindrical, 
with obtuse tips. The third premolar is larger, more tapering 
from base to summit, and has an indication of a double fang. 
The first molar in general outline is transitional between the 
molars and premolars. On the anterior slope of the main cone, 
near the summit, is a fine accessory cusp; while near the base of 
the posterior slope is a more distinct cusp. The second molar 
has two accessory cusps on the anterior slope of the main cone, 
and one on the posterior slope placed half way down. The 
third molar differs from the others in the large size of the poste- 
rior cusp. On the anterior slope there is an indication of a 
small accessory cusp. In the fourth molar the crown tip is de- 
tached, but there is an indication of the usual anterior and posterior 
accessory cusps. ‘The fifth molar, besides the anterior and poste- 
rior cusps, has the trace of a posterior cingulum and possibly of a 
postero-external cusp. The sixth molar is like the fourth. The 
seventh molar is the most complex tooth in the series; like the 
second, it has two accessory cusps on the anterior slope of the 
main cone, the uppermost of which is distinctly bifid. The 
posterior slope also has a bifid accessory cusp, and a faint basal 
cingulum, The anterior cusps throughout rise like needle-points 
on the sides of the teeth; the posterior cusps are more distinct. 
All the molars are compactly placed with high, rather narrow 
crowns, and deep depressions above the double fangs. The char- 
acters of these crowns were made out with the greatest difficulty, 
and a more perfect specimen may show slight difference of 
detail. 

The mandible of Dromatherium is heavy and well-rounded in 
section. It is marked on its inner face by a deep mylohyoid 
groove, widening posteriorly into a broad pterygoid fossa. 
The upper border rises behind the molars into the coronoid pro- 
cess,cr. The summit of this process is broken, but a faint impres- 
sion on the matrix shows that it had a high, slightly recurved 
outline. A small portion of the hind border seems to be pre- 
served just above the angle which would indicate that the condyle, 
en, was placed midway between the coronoid and angle, somewhat 
as in Amblotherium. The thick lower border has a gentle double 
curvature. There is no trace of the symphysial surface. 

The unique character of the dentition separates Dromatherium 
widely from any known fossil or recent genus. 
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MICROCONODON. 


Microconodon tenuirostris, gen. et sp. nov. 

This genus is founded upon the specimen in the collection of 
the Academy of Natural Sciences of Philadelphia, which was 
described by Emmons as Dromatherium. 

Generic Characters.—A wide diastema between the canine 
and first premolar. Molars and premolars unlike. Premolars 
simple, erect cones with a faint posterior cingulum and partly 
bi-fanged. Molars bi-fanged with broad crowns supporting a large 
median cusp, at the sides of which are anterior and posterior 
conical cusps, sub-equal in size, and a distinct posterior cingulum. 

The ramus is about two-thirds the length of that of Droma- 
therium. Its general lower curvature is single. There is a de- 
pression extending beneath the molar-premolar series, but this is 
shallower than the mylohyoid groove, and I infer that the outer 


Microconodon tenuirostris Osb. Magnified. 


surface of the jaw is the one exposed. The coronoid rises by a 
gentle curvature above the molars and the fractured portion seems 
to have left a faint impression on the matrix, which indicates a 
low rounded contour. The posterior half of the lower border is 
marked by a downward process, somewhat similar to that in 
Peramus. The surface of the process bears a shallow fossa. 
Above this the crotaphyte fossa is faintly marked. The sym- 
physial portion of the jaw is partly fractured. The matrix bears 
an impression which may have been left by a tooth, but more 
probably is accidental. Altogether, the delicate character of this 
ramus indicates an animal of feebler masticating power than Dro- 
matherium. 

The molars probably extended backward to the rise of the 
upper border. If so, the molar-premolar series covered a greater 
proportional space than those of Dromatherium. This arose 
from the comparatively broader crowns of the molars. By 
analogy with several other Mesozoic genera, we may suppose 
that the foremost molar preserved is the second, and that behind 
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the hindermost were two other molars. This would give four 
premolars and six molars. Or there may have been three pre- 
molars and seven molars as in Dromatherium. Unfortunately no 
casts are preserved to settle this point, and the restoration of the 
missing teeth is purely conjectural. 

The molars are somewhat like those of Amphitherium except 
that the crowns are higher and the anterior and posterior cusps 
arise from the sides of the main cusp instead of from the base of the 
crown. The posterior basal cusp which may be the continuation of 
an internal cingulum is well marked, as is the depression between 
the two fangs. The third premolar is much larger than the 
first, and has an indication of two fangs. There is a trace of 
the fang of the intermediate premolar. These teeth, unlike 
those of Dromatherium, are erect and do not rise to the level of 
the molar crowns. The simple premolars differentiate the genus 
from Amphitherium. 


PrinceTON, N. J., December 20th. 
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DECEMBER 21. 
Mr. Joun H. REDFIELD in the chair. 


Fourteen persons present. 


A New Species of Aplysia.—Prof. Hrrnprin exhibited speci- 
mens of a new species of Aplysia, or sea-hare, from Little Gas- 
parilla Bay, west coast of Florida. The animal in general 
appearance was probably most nearly related to the Kuropean A. 
depilans (leporina), but differed in several well-marked points of 
structure, notably in color, the position of the buccal aperture, 
and in the character of the pore connecting with the shell cavity. 
While in A. depilans the mouth is placed beneath the tentacular 
lobes—z. e., the latter are superior—in the Florida species it is 
central with regard to these organs, the lobes being circumferen- 
tially connate, and completely encircling the aperture. The pore 
leading to the shell-sac is minute, and raised on a small papilla; 
the stellate markings radiating from the base of the papilla are 
very feeble, and can barely be discerned without close examina- 
tion. The shell, which is about an inch and three-quarters in 
length, is horny-caleareous, deeply emarginate, and striated 
longitudinally and transversely. General color of the animal 
sea-green, tinged with purple, and irregularly blotched and 
speckled with spots of lighter color. Length, 7-8 inches. The 
animal emits a brilliant crimson fluid. It was proposed to name 
the species Aplysia Willcoxt. 


ALBERT DOD BROWN. 


Announcement having been made that the collection of shells 
formerly belonging to ALBERT Dop Brown had been presented to 
the Academy by his mother, Mrs. Susan D. Brown, Dr. A. E. Foote 
stated that Mr. Brown, who was formerly Curator of the Prince- 
ton College Museum, died April 30,1886, aged 45 years. He had 
a well-recognized reputation as a student of conchology, botany, 
and horticulture, the latter years of his life having been devoted 
to the last-named pursuit. He was one of the founders of the Con- 
chological Section of the Academy, and was for years associated 
with it as a member. 

The collection now given to the Academy is to be known by 
his name, but no other condition accompanies the generous gift. 
A valuable portion of the collection consists of the cabinet of 
the late Mr. Thomas Bland, including his types of West Indian 
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shells. By this valuable accession about five thousand species of 
shells represented by perhaps thirty-five thousand specimens 
have been added to the already unrivaled Conchological cabinet 
of the Academy. 


DECEMBER 28. 
The President, Dr. Lerpy, in the chair. 


Thirty-five persons present. 
The following was ordered to be printed :— 
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ON AN UNDESCRIBED METEORIC IRON FROM EAST TENNESSEE, 
Plates IV and VY. 


BY F. A. GENTH. 


The history of this interesting meteoric iron is very meagre. 
In August, 1867, I received from the late Dr. Isaac Lea a small 
fragment, weighing about five grams, with the request to deter- 
mine whether or not it was meteoric iron. The analysis (1), 
finished August 11, 1867, proving it to be meteoric iron, induced 
Dr. Lea to purchase the specimen. 

Under date of May 11, 1868, the late Julius E. Raht, of Cleve- 
land, Tenn., wrote me: “I send you to-day a small piece (it 
weighed 44 grams.—F. A. G.) of meteoric iron, which was broken 
off from a mass, weighing fifty pounds, which fell about eight 
years ago near the State line of Georgia, ten miles from here 
(Cleveland, Tenn.). The piece has been sold into Mississippi.” 

In the fall of the year 1868, the late Dr. James L. Smith, of 
Louisville, Ky., the celebrated investigator of meteorites, on his 
return from Europe, wrote to Dr. Isaac Lea, congratulating him 
on the acquisition of the Mississippi meteorite, regretting at the 
same time that his absence in Europe had prevented him from 
securing it for his own cabinet. 

It now remained in the possession of Dr. Lea, until he presented 
it to the Academy of Natural Sciences of Philadelphia. The 
Museum record of the Academy simply notes the date of its 
reception, on October 24, 1876, that it was from the mountains 
of East Tennessee, and that it weighed 254 pounds. All my 
efforts to obtain fuller information about its fall and discovery 
have proved unsuccessful. 

The discrepancy between the weight given by Mr. Raht and 
the actual weight of the mass, must be charged to incorrect 
information received by Mr. Raht; this is insignificant, however, 
compared with the proof which Dr. Smith’s letter gives to the 
fact that his Mississippi meteorite is identical with the one which 
Mr. Raht stated to have been sold into that State. 

The mass shows on one corner the place where the 44 grams 
which Mr. Raht sent me had been broken off. 

It is an irregularly shaped, somewhat triangular mass, the 
largest diameter being about 45 cm., the height about 40 cm. and 
its greatest thickness about 22 cm. 


PROG. ACAD. NAT. SCL, PHILAD'A, 1886. PLATE IV. 


BENTH, METEORIC (RON FROM EAGT TENNESSEE, 


PROG. ACAD. NAT. SCL, PHILAD'A, 1006. PLITE V. 


BENTH, METEORIC IRON FROM EAST TENNESSEE. 
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Its crust is very thin and mostly free from rust, only here and 
there covered with small spots of the same. It shows one fracture, 
which, however, cannot be seen on the photographic representa- 
tion on Plate IV, as it is on the opposite side near the indentation, 
and extending for about 15 cm.; its widest part is about 10 mm. 
in size. 

This meteoric iron appears to be an original whole mass, and 
not a fragment torn off from a larger one; its surface is pitted 
all over and shows numerous depressions and excavations, from 
a few centimetres in diameter and depth to about 15 cm. in length, 
8 cm. in width and nearly 5 cm. in depth. The photograph shows 
beautifully the pitted appearance of the mass. 

Its original weight was nearly 115°5 kilos.; probably 2°5 kilos. 
have been cut off in slabs which have been distributed amongst 
learned societies and individuals. 

The crystalline structure of this meteorite is beautifully shown 
on three etched slabs which are represented in their natural size 
on Plate V,1 from my cabinet, 2 in the Vaux Collection, and 3 in 
the general collection of the Academy of Natural Sciences. All 
three show the very perfect. octahedral structure of. this meteorite. 
The specimen presented to me by Mr. Raht gave on etching 
exactly the same crystalline structure, which adds another proof 
that both came from the same piece. 

The usual constituents of this class of meteorites are quite 
perceptible: the Kamacite (Balkeneisen) largely predominating 
and forming bands from 1 to 3 mm. in width. The Taenite 
(Bandeisen) enveloping the Kamacite, frequently subdividing in 
narrow lines the broader bands of the latter. 'The length of the 
Kamacite individuals is from 15 cm.to 2cm. It has a dull gray 
color; when magnified, it can be seen to be intersected in every 
direction by very fine lines, probably of Schreibersite. The Ples- 
site, somewhat darker than the Kamacite, mostly shows a very 
fine crystalline, mottled structure (moire metallique) and a 
glittering lustre; a small portion, however, is quite dull and 
much darker. 

On my specimen, fig. 1, Plate V, there is in two places a remark- 
able admixture of an iron which is a great deal smoother and 
hardly shows any crystalline structure. One begins about 9 mm. 
below the right-hand corner, first forming a somewhat oval mass 
of 2 to 3 mm. in diameter and then extending in a dagger-shaped 
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form for 7 mm.; the other is 15 mm. from the right edge and 8 or 
9 mm. below the border, about 12 mm. long, on both ends 1°5 mm. 
and in the centre about 1 mm. wide. This iron is brighter than 
any other portion of the edged surface and has a slightly yellow- 
ish hue. The patches are not perfectly smooth, however, but 
show many very minute depressions. In the centre where this 
iron is narrowest and on some portion of the unetched surface of 
my slab, small spots of rust have made their appearance. An 
examination proved the presence of considerable quantity of 
chlorine, from which it is evident that they are the result of the 
oxidation of ferrous chloride, which this meteorite contains in 
small quantities. 

The so-called “ alteration zone” next to the brandrind is quite 
distinct and from 1 to 1°5 mm. in width. 

I have made three analyses of this meteoric iron, the first nearly 
twenty years ago, of the slightly rusty fragment, sent by Dr. Lea 
(1), the second of a perfectly fresh fragment of that portion cut 
off for specimens (2), and the third of the carefully purified saw- 
dust obtained by this operation, which represents the average 
composition of the whole mass where it was cut (3). 

They gave the following results: 


i: 2. 3. 

Specific gravity = T521 
Tron — sae 89°940 89.93 
Copper == 0-25 0-080 0°06 
Nickel = 9°82 8507 8°06 
Cobalt ea Ont 0°690 0°56 
Phosphorus aa its) 07109 0°66 
Sulphur = notdet’d.  0:006 not det’d. 


99°93 99°3382 99°27 
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The following annual reports were read and referred to the 
Publication Committee :— 


REPORT OF THE RECORDING SECRETARY. 


The Recording Secretary respectfully reports that during the 
year ending November 30, 1886, twelve members and four corres- 
pondents have been elected. 

Resignations of membership have been received and accepted 
on the usual conditions, from Dr. Charles Harrod Vinton and 
Jerome B. Gray. 

The deaths of seventeen members and one correspondent have 
been announced. 

Highteen papers have been presented for publication, as 
follows :—Prof. Angelo Heilprin, 2; Chas. Morris, 2; S. Frank 
Aaron, 1; Calvin McCormick, 1; W. D. Hartman,1; C. Rominger, 
1; Chas. D. Dolley, 1; Geo. Vasey, 1; Jos. Leidy, 1; J. C. 
Arthur, 1; Thos. Meehan, 1; Lillie E. Holman, 1; John W. 
Eckfeldt,1; Wm. B. Scott,1; F. A. Genth,1; Geo. A. Koenig, 1. 

One of these has been withdrawn; one will be printed in the 
Journal; one has been deferred in consequence of the inability 
of the Publication Committee to provide the required illustrations, 
and the others have been reported on favorably and form part 
of the current volume of the Proceedings. 

One hundred and twenty-eight pages of the Proceedings for 
1885, and three hundred and twenty-eight pages of the volume 
for 1886 have been printed, together with three plates. 

Four foreign societies have been added to the list of exchanges 
to which the Academy publications are sent, making the entire 
number at present 379. 

The average attendance at the meetings has been 21. Verbal 
communications have been made and for the most part reported 
for the Proceedings by Messrs. Meehan, Koenig, Heilprin, 
Woolman, Moody, Morris, Potts, Leidy, McCormick, Holman, 
A. H. Smith, Seiss, Holstein, Allen, Brooks, Sharp, Harvey, 
Willcox, U. C. Smith, Foote, Gibbons, Horn, Lockington, McCook, 
Lewis, Ryder, Dolley, Redfield, Tryon, 8S. R. Roberts and Miss 
Abbott. 

25 
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At the meeting held June 22, the Academy, by resolution, 
joined with other scientific societies in an invitation to the 
International Congress of Geologists, to hold in America, the 
meeting after that provided for in London. 

On November 2, a committee consisting of Messrs. U. C. Smith, 
Thos. Meehan, Angelo Heilprin, Rev. Henry C. McCook and 
T. D. Rand, was appointed to solicit aid from the Legislature 
in the erection of an addition to the present building. No result 
has as yet been reported to the Academy. 


All of which is respectfully submitted. 


Epw. J. NoLan, 
Recording Secretary. 


REPORT OF THE CORRESPONDING SECRETARY. 


During the year the duties of the Corresponding Secretary 
have been unusually light, and have consisted in great part of 
the reception of acknowledgments from corresponding societies 
of publications sent by us and the usual letters of transmittal 
from them. As many of our exchanges are now sent through 
the mail, the acknowledgments are in the form of postal cards, 
which indicate by their dates how much earlier our publications 
are brought to the notice of the scientific world. 

The four corresponding members elected during the year have 
been promptly notified, and letters in return have been received 
from them and read to the Academy. 

The donations to the Museum have been many and important, 
as will appear in the Curators’ report. It is one of the duties 
of my office to send receipts for these, but to the Curator-in- 
charge I must acknowledge my indebtedness for the fulfillment 
of a duty of which I officially know nothing, having merely affixed 
my signature in former years. 

Very little correspondence of a miscellaneous nature has been 
received, the Bureau of Scientific Information having apparently 
been communicated with directly. 

Acknowledgments of the receipt of our publications have 
been received by postal card, in total, 56; representing foreign 
societies, etc., 12; American, 15; Canadian, 3. 
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Letters of acknowledgment, numbering 105 
From British and Colonial Societies, etc., 16 
From Continental European Societies, etc., : 18 
From American Societies, ete, . : 15 
Letters of transmittal, number in total, 36 
Representing twenty-eight foreign societies, 
etc., and but two American. 
Letters asking deficiencies and desiring exchange, 
CUMLpeET:, ee es." ee 11 
Miscellaneous letters, ° . : 11 
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The number of societies with which we exchange publications 
shows an annual increase greatly to the advantage of those who 


use the library. 


Respectfully submitted, 


Grorae H. Horn, M.D., 
Corresponding Secretary. 


REPORT OF THE LIBRARIAN. 


I have the pleasure of reporting to the Academy that 3765 
additions have been made to the Library from December 1, 1885, 


to November 30, 1886. 


pamphlets and parts of periodicals, and 39 maps. 
We are indebted to the following for the additions, a detailed 
list of which accompanies the report :— 


Societies, 

Editors, ; ae ts 

Isaiah V. Williamson Fund, 

SANIGDOTS, 4. os 

(Of Je Hitchcock, : 

Department of the Interior, . 

University of Kiel, 

Wilson Fund, 

War Department, 2 

Geological Survey of Sweden, 

University of Roe A 

Stuart Wood, reer 

Thos. Meehan, 

Geological Survey of Belgium, 

Geological sue of Souneye 
vania, . 

British Museum, . 

Dr. Jos. Leidy, pos 

Chas: Me Betts, 2 0. 

Geological Survey of India, ; 


. 1518 


915 
648 


Her Majesty’s Government, 

Treasury Department, . 

Engineer Department, U.S.A. 

Australian Museum, 

Geological Survey of New 
Jersey? (si eee oe 

George Vaux, . 

Geological Survey of Russia, 

Cambridge Scientific Instru- 
ment Company, 

Geological Survey of Rouma- 
nia, “6 

United States Commission of 
Fish and Fisheries, . 

Geological Survey of Canada, 

Smithsonian Institution, 

Hon. Charles O’ Neil, 

J. Stockton Hough, .. 

George W. Tryon, Jr.,_ . 

E. Indian Government, 


These consist of 481 volumes, 3245 


1S) Tandon) 


WWD WwW CO > > eo 
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Wm. John Potts, ©. 2 pete pase: of Portu- 
Minister of Public Works in gal, é 1 

France, 2 Kae M. Fielde, oat 1 
8. R. Roberts, 1 Department of Agriculture, 
J. Fletcher Williams, a Canada, . . il 
Royal College of Surgeons, 1 Geological Survey ‘of New 
Bureau of Ethnology. 1 Zealand, : At 1 
Isaac Lea, . . ‘ 1 S. H. and H. Chapman, IVE 1 
Charles C. Abbott, é - 1 In Exchange (other than peri- 
University of Pennsylvania, . 1 odicals), MEO eG eS 
Department of Agriculture, . 1 

They were distributed to the several departments of the 


Library as follows :— 


Journals, 4p . 2696 Bibliography, .°.\.,. >,0aqsn eet 
Geology, rA.dey OLD Encyclopedias, . .° <\) ueee 
General Natural History, . 1380 Agriculture, +, 3's Sons seen 
Botanyee esi mile oe, Mammalogy, . 9 <, >...) nee 
Conchology, . . - 74 Anthropology, .. 2, <) sass 
Anatomy : and Physiology, 62 Ornithology, . |. ohie eeuiuemennee 
Chemistry, . . se 4) Helminthology, ©. -')"-us anes 
Mineralogy in O"g) 8 | a8 Ichthyology, ... . Gam 7 
Physical Science, 2 4.) 2%) a4 2i Languages, |. «2 cee 6 
Medicine, . das OO Geography, ag : 5 
Voyages and Travels, a eae Herpetology, . . . sane 2 
Entomology +".* 62° .-) aaah eee Miscellaneous, .. . <6) suena 


It will be seen from the above summary that our main depend- 
ence for increase during the year has been, as heretofore, upon 
our exchanges and the I. V. Williamson Fund. 

Through the kindness of friends of the Academy I have been 
again enabled to avail myself of the assistance of Sig. Emanuele 
Fronani during the four months from June 14 to October 14, 
inclusive. Besides helping me with the routine work of the 
Library, especially during my vacation, he has completed the 
copying of more than half of the card catalogue. This work 
has progressed slowly, as it is only during the engagement of 
the assistant that time can be devoted to it. It is, however, 
desirable that means should be provided for placing the cards 
now prepared at the service of those using the Library. 
Additional cases for the reception of journals, also, are now 
absolutely necessary, and it is hoped that an appropriation may 
be made early in the year for their erection. No other depart- 
ment of the Library grows so rapidly, and it is impossible to 
maintain the geographical arrangement which has been found 
convenient without more room. 

For the reason that I have had to refer to so often before, 
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namely, lack of funds, I have been able to have but 168 volumes 
bound since the last report. These have been for the most part 
Williamson books, the work being paid for from the I. V. Wil- 
liamson fund. Nearly all our exchanges and accumulated pam- 
phlets remain unbound, thereby not only exposing the Library to 
loss, but causing serious inconvenience to readers and students. 
A liberal appropriation for binding, therefore, is one of our 
immediate and pressing needs. It will be seen by the accompany- 
ing list of journals and periodicals received, that our exchanges 
have been kept up and increased. The applications made for 
deficiencies last year have been productive of their full result, 
and the gaps still existing will probably have to be supplied by 
purchase. 

The shelf list begun last year has been carried forward as 
rapidly as my other duties would permit. Four or five sections 
of the Library yet remain to be included, but even in its incom- 
plete condition the catalogue has proved useful in locating 
accessions, detecting displacements and facilitating reference to 
the shelves. 


All of which is respectfully submitted. 


Epw. J. Nonan, 


——— Librarian. 


REPORT OF THE CURATORS. 


The Curators present the following statement of the Curator- 
in-Charge, as their report for the year 1886 :— 

The Curator-in-Charge respectfully reports that during the 
past year the work of arranging, classifying and preserving 
the collections of the Academy has made considerable progress, 
for which, as heretofore, the institution is largely indebted to 
volunteer labor. The special thanks of the Academy are due to 
Mr. George W. -Tryon, Jr., Conservator of the Conchological 
Collections, to Mr. John H. Redfield, Curator of the Herbarium, 
and to Mr. Jacob Binder, Curator of the Collection of Minerals 
covered by the Wm.S. Vaux Trust, for their disinterested labors 
in their several departments. To the Entomological Section, 
likewise, acknowledgment is due for work done in connection 
with the caring of the collection of insects. 

In the departments other than those here indicated, the work has 
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been done under the immediate superintendence of the Curator- 
in-Charge and his assistant. Almost the entire collection of recent 
Invertebrata contained in the Museum—barring the Mollusca— 
has been re-arranged and re-classified, and the different groups 
have been so placed as to follow one another serially according 
to their position in the natural scale. The very extensive series 
of crabs, which have heretofore occupied the window spaces on 
the first gallery, filling some twenty-four cases, have been inter- 
calated with the general collection of Invertebrata on the top 
floor, where they occupy practically the entire western wall. <A 
re-arrangement of the Carcinological groups, following Ger- 
steecker, has been effected. By this shifting of the collections, the 
first gallery will be relegated exclusively to ornithology, the 
vacated window cases having been removed to the main floor to 
relieve the crowded condition of the geological and paleontologi- 
cal collections. Despite this large accession of table cases, and 
the addition of an equal number from other parts of the hall, the 
collections of Invertebrate Paleontology will barely find accom- 
modation. Roughly estimated the fossils of the different geo- 
logical formations fill some 20,000-22,000 trays, and in point of 
individual numbers probably do not fall short of 75,000-80,000 
specimens, or about one-half the number that is registered in the 
department of recent conchology. The work of arranging the 
American series of fossils is now practically complete, and con- 
siderably over three-quarters of the collection is permanently 
labeled. The re-labeling of the entire series of fossils collected 
by the late Wm. M. Gabb in Santo Domingo and California 
has been effected during the year, and much has been done 
toward re-determining the type fossils of the first New York 
survey, collected by Mr. T. A. Conrad. The largest and most 
important accession to this department is a collection of 
fossils from the Miocene and Pliocene formations of the State of 
Florida, collected in the early part of the year by the Curator- 
in-Charge, to whom leave of absence had been granted by the 
Academy for the purpose of prosecuting researches and collect- 
ing, in conjunction with the Wagner Free Institute of Science. 
This collection, together with an extensive series of inver- 
tebrates dredged in the Gulf of Mexico and in the inland waters 
of the State, have not yet been placed in the Museum proper, but 
are temporarily deposited in a side room, where the specimens 
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may be conveniently studied and determined. This work is now 
accomplished in great part. 

Some attention has been given during the year to the re- 
arranging of the collections of Vertebrata. The lizards have 
been removed from the south wall of the second gallery to the 
east wall, and the amphibians to the north wall, thereby placing 
the collection of reptiles in a continuous series. In the depart- 
ment of Ornithology, beyond a general oversight of the collec- 
tions, no work has been accomplished. Some four or five 
Dermestes-eaten specimens, which had apparently not been 
properly cured, have been permanently removed from the cases, 
being no longer fit for exhibition. Barring such sporadic cases 
of destruction the collection is in a fairly good condition; never- 
theless, it is absolutely necessary that an early examination of 
all the specimens be made by an expert taxidermist, and such 
steps be taken as will insure the collection from further loss. 

Work in the department of Vertebrate Paleontology has been 
almost exclusively restricted to the collections-of mammals and 
fishes; both of these have been entirely re-arranged, and are 
now much more accessible than they have been heretofore. The 
large specimens of fossil reptiles from the Lias of England, the 
valuable gift of Dr. T. B. Wilson, which had been built up into 
cases on the main floor of the Museum, have been permanently 
placed on the wall surface of the vestibule, where they are dis- 
played to good advantage. It is designed to cover the remainder 
of the wall-space with two large maps, respectively illustrative 
of the geology of the national domain and of the zoogeographi- 
cal regions of the earth’s surface. The undersigned has charged 
himself with the preparation of this work. 

The collection of alcoholics is in good condition, the entire 
series having been overhauled as in previous years. Consider- 
able alteration has been made in the disposition of the cases 
throughout the Museum hall, and much floor space has been 
gained thereby; but such gains are far from suflicient to satisfy 
the wants of the institution, the future usefulness of which will 
be largely impaired unless immediate aid toward the erection of 
an extension to the present building is afforded. It is well within 
the truth to say that the existing collections, if properly displayed, 
would completely fill a building of twice the dimensions of the 
present one, The large and very valuable collections of the 
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Pennsylvania Geological Survey, contained in upwards of 200 
cases, still remain in the cellar, boxed, for want of exhibition 
space. The types of the greater number of the fossil plants 
described by Lesquereux in his Coal Flora of the United States, 
probably one of the most valuable collections of fossil plants in 
the world, have been added to this collection during the year, 
but, for similar reasons, still remain boxed. The report of the 
Professor of Ethnology and Archeology indicates that accessions 
to this department of the Academy’s Museum could readily be 
had were proper exhibition space provided, but that under present 
conditions the same is impossible. In view of these facts the 
necessity for an extension to the Academy’s building cannot be 
too strongly insisted upon. 

Of equal importance to the future welfare of the institution is 
a fund designed for the purposes of zoogeographical exploration. 
As suggested in our last report, the interest derived from a princi- 
pal fund of $50,000 would fairly equip an annual expedition to any 
of the largely unexplored regions lying about our domain, such 
as Mexico, Central America, the Bahamas, Labrador, etc. Only 
through this method of research can it be hoped to bring in large 
accessions of new material to the working naturalist, and thereby 
place him in direct relation with the problems of nature. The 
success attending the Florida Expedition of the Wagner Free 
Institute of Science of this city, which was organized with the 
co-operation of the Academy in the winter of the present year, 
fully demonstrates the wisdom of such a plan of explorations, at 
the same time that it proves its ready feasibility and possible 
economic character. 

Specimens have been loaned for-study during the year to Profs. 
Whitfield and Britton, of New York, to Profs. Osborn and Scott, 
of Princeton, and to Messrs. Ridgeway and Vasey, of Washing- 
ton, all of whom have rendered service to the institution in the 
determination and description of its specimens. The Academy 
has also profited through the studies of three Jessup Fund bene- 
ficiaries, who have at various times rendered service to the 
Curator-in-Charge; to these persons the Curator-in-Charge begs 


to tender his thanks. 
* Very respectfully, 


ANGELO HEILPRIN, 
Curator-in-Charge. 
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REPORT OF THE CURATOR OF THE WILLIAM &. 
VAUX COLLECTIONS. 


The Curator of the William 8. Vaux collections respectfully 
submits his fourth annual report to the Council of the Academy 
of Natural Sciences :-— 

The collections are in good order and condition, no change 
having been made since the report of 1885, except the introduc- 
tion of one hundred and fourteen mineral specimens, purchased 
by the approval of the Curators of the Academy, during the year 
ending November 30, 1886. 


No. of mineral specimens as by report of Nov. 30,1885, 6,516 


Purchased between Nov. 30, 1885, and Nov. 30, 1886, . 114 

Total, : é : : “ 6,630 
Archxological specimens (same as seaagea in puepare of 

1885), no additions, . : : . : - - 2,940 


The growth of the collection since it came into possession of 
the Academy is as follows :— 


Nov. 30, 1884, specimens purchased, . : : : 60 
Nov. 30, 1885, specimens purchased, : : : 104 
Nov. 30, 1886, specimens purchased, . = : i 114 

In all, : : ‘ : 278 


These 278 specimens have fen prctesea a an aggregate cost 
of $1448.70. 


It will be conceded that the new material added to the mineral- 
ogical collection since 1883 has very materially improved its 
character, not only in beauty, but for scientific study. 

Among the specimens most worthy of special note which 
have been added are a number of fine transparent crystals of 
Topaz from Siberia. One of these is a crystal 14 inches square, 
21 inches in height, on a matrix of Feldspar, coated with Albite; 
it is a well terminated rhombic prism, showing the basal cleavage 
planes with great beauty. Also worthy of mention are a fine 
specimen of Zircon from Canada, weighing 124 pounds, made 
up of a group of square prismatic crystals, measuring 34x 4 
inches and 94 inches in height; a specimen of Stibnite from 
Japan, a cluster of long, well terminated crystals, with interesting 
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modifications 24 by 34 inches, 18 inches long; specimens of 
Vanadinite, Wulfenite, and Descloizite, from Arizona; emerald 
and Hiddenite from North Carolina. The Tourmalines, Rutiles 
and Molybdenites, already well illustrated, have received rich 
addition. 

A number of new species, not before represented in the collec- 
tion, have been obtained together with many varieties from new 
localities. 

All the income of the fund has been expended on the collec- 
tion, except a balance in hand of $513.54, applicable to the pur- 
chase of new specimens and of books. As the cases are now 
paid for and no other expense anticipated, the entire income can 
be used for the purchase of additional specimens and books, 
which will—unless some unforeseen accident occurs—always keep 
the collection up to a high standard of importance. From a 
scientific point of view it is one of the best public collections in 
our country. 

Respectfully submitted, 
JAcoB BINDER, 


ae ow Curator. 


REPORT OF THE RECORDER OF THE BIOLOGICAL 
AND MICROSCOPICAL SECTION. 


During the year the Section held fourteen meetings, with an 
average attendance of twelve persons, 

At these meetings a great variety of objects was shown. 
Especial notice should be made of the observations on embry- 
ology at various meetings by Messrs. Sharp, Wingate and Ryder; 
upon the fungi, by Dr. Rex, and upon the different methods 
of mounting, by Drs. Hall and Brinton. 

The following are some of the more important events occurring 
during the year :— 

December 21,1885. Lecture by Dr. Thomas Taylor, of the 
Agricultural Department, Washington, upon “The Work and 
Results in the Investigation of Butter and other Fats.” 

February 1, 1886. Communication by Mr. H. Wingate, upon 
“The So-Called Visual Organs of the Amphioxus.” 

February 15, 1886. Communication by Dr. M. B. Hartzell, 
upon “Glycerine as a Mounting Fluid.” 
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Four lectures were delivered in course by Dr. Benjamin Sharp, 
upon the “ Special Senses,” October 18. 

Communication by Prof. J. A. Ryder, upon “The Eggs of 
Pelagic Fishes ;” by Mr. H. Wingate, upon “ Cribraria purpura.” 

November 1. Communication by Dr. L. B. Hall, upon the 
“Comparative Merits of Demar and Canada Balsam mounts ;” 
by Prof. J. A. Ryder, upon the “ Moulting of the Lobster,” also 
on a “ New Section Cutter;” by Dr. J. B. Brinton, upon a “ New 
Cell for Opaque Objects.” 

November 15. Communication by Dr. George A. Rex, upon 
“The Use of the Brass Cell.” 

Two new members were elected: Dr. Charles S. Dolley, Prof: 
John A. Ryder. 

Mr. E. 8. Campbell resigned as a contributor. 

The Section passed a resolution of respect upon the death of 
Dr. J. G. Richardson, who, although not connected with the 
Section at the time of his death, had been at one time an active 
and useful member. 


Very respectfully, 
Ropert J. HEss, 
Recorder. 


REPORT OF THE CONCHOLOGICAL SECTION. 


The Recorder of the Conchological Section respectfully re- 
ports that during the year ending December 1, 1886, the Academy 
has continued the publication of conchological papers as hereto- 
fore. The death of one member has occurred, that of Mrs. Lucy 
W. Say, the venerable and esteemed widow of the eminent 
naturalist, Thomas Say, which occurred November 15th last, at 
the advanced age of 86 years. 

No new members or correspondents have been elected, nor has 
there been any change in the By-Laws of the Section. 

Mr. George W. Tryon, Jr., Conservator, reports as follows :— 

“During the past year, thirty-nine donations and purchases of 
shells have been received from twenty-six persons, aggregating 
1252 trays and 7506 specimens. A detailed list of these acces- 
sions is appended (see ‘Additions to Museum’). 

“Among them may be especially mentioned the purchase of 


380 PROCEEDINGS OF THE ACADEMY OF [1886. 


nearly 500 species from Greece and the eastern portion of the 
Mediterranean Sea, collected by Mr. Conemenos; and another 
purchase of 277 species from southern France and the western 
part of the Mediterranean, collected by M. Dollfus. 

‘“‘From the Polynesian and Australian regions we have re- 
ceived important collections from Mr. John Brazier, of Sydney, 
Australia, Mr. Andrew Garrett, of Papeete, Taheiti, and Mr. 
W. F. Petterd, of Hobart, Tasmania; these collections, num- 
bering about 200 species, were mostly new to our museum. 

“ Shells of our own country have been received from Messrs. 
Binney, Dall, Dore, Ford, Hermann, Heilprin, Jefferis, Leidy, 
Mazyck, Morrison, Morse, Orcutt, Pilsbry, Quintard, Redfield, 
Rush, Sharp, Singley, Stearns, Thompson. These collections 
embrace some of the new and rare species needed to complete 
our series, but for the most part add new localities for species 
already possessed by us. Your Conservator purchased from 
Mr. Sowerby, of London, and presented about 100 species, all 
new to us, and filling some important gaps in the collection. 

‘‘The Conchological Museum now contains 45,184 trays and 
written tablets, and 165,858 specimens, 

‘Mr. Frank Stout has, as usual, mounted and labeled the 
accessions of the year, and they have been distributed to the 
cases in the museum by Mr. Wm. B. Marshall. 

“The work of redetermining the collection, in connection with 
the preparation of monographs of the genera for the ‘ Manual 
of Conchology,’ progresses steadily. Our species of the fami- 
lies Calyptreide, Xenophoride, Turritellide, Cacida, Verme- 
tide, Pyramidellidz, Turbonillide and Scalariidz, have been 
carefully studied by your Conservator; the Solariide by Mr. 
Marshall. In the land shells, the Zonitidse have been completed, 
and a commencement made upon the Helicide. 

“Tn accordance with the new plan of arrangement of the 
Museum sketched in the last Annual Report, a considerable por- 
tion of the marine gastropods have been classified, both in the 
Systematic and Geographical Series, and the Synoptical Collec- 
tion (a representation of the principal generic types, with printed 
descriptions of their characters) has been finished. It is believed 
that for completeness, beauty of arrangement and adaptability to 
the needs of students, these several collections will compare 
favorably with similar ones in any other museum. An index is 
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intended to be added to the Synoptical Series, by the aid of 
which the student, after determining the genus of any specimen, 
will be referred to the case containing the species; in the latter 
he will find represented, either by specimens or colored illustra- 
tions, all the (figured) species of the genus known to science, 
arranged in the order of their natural relationships. 

‘Much of the success of these features of arrangement is due 
to the eflicient co-operation of my assistant, Mr. Marshall. 

“‘ Messrs. J. H. Redfield, S. R. Roberts and Wm. L. Mactier, 
have contributed to the Section’s collection of autograph letters 
of conchologists.” 

The officers of the Section for 1887 are— 


Director, . : ; . W.S. W. Ruschenberger. 
Vice-Director, . : . John Ford. 

Recorder, . : ; . S. Raymond Roberts. 
Secretary, . : : . John H. Redfield. 
Treasurer, . - 5 . Wm. L. Mactier. 
Librarian, . : : . Edward J. Nolan. 
Conservator, : é « Geo. Wi. Dryon at, 


All of which is respectfully submitted by 


S. Raymonp Roserts, 
Recorder. 


REPORT OF THE ENTOMOLOGICAL SECTION. 
(AMERICAN ENTOMOLOGICAL SOCIETY.) 


The Entomological Section of the Academy has experienced 
an improvement this year, in comparison with preceding ones. 
The meetings, which have been regularly held, have been better 
attended,and a more general interest taken in the proceedings. 

One member and five associates have been elected. During 
the year the Section has lost two members by death. Mr. Chas. 
Wilt, one of the deceased members, was one of the founders of 
the American Entomological Society, and had been very active 
in all the work of the Section. His valuable collection of Coleop- 
tera has been given by his son, Mr. H. C. Wilt, to the American 
Entomological Society, while the Lepidoptera were purchased at 
an almost nominal price by the same society. The custodian of 
the society is now engaged in arranging these collections, All 
duplicates will be set aside for placing in the public exhibition of 
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the Academy. This eollection for public view is now assuming 
a more definite form than heretofore, through the earnest efforts 
of Mr. G. B. Cresson, the Custodian. 

During the year twelve written communications have been 
accepted by the American Entomological Society for publication 
in its Transactions, which still continue to maintain their stan- 
dard of previous years. In addition to these, a work entitled 
“Synopsis of the Hymenoptera of North America,” by Mr. E. T. 
Cresson, is being published by the society, in separate form, as 
an intercalary volume. The display made by the Section at the 
exhibition of the Microscopical Section was of great interest to 
those present. 

At the meeting held in December, the following officers were 
“elected for the year 1887: 


Director, . : : : . Geo. H. Horn, M.D. 
Vice-Director, . ; : . Rev. H. C. McCook, D. D. 
Recorder, . ; . ; . J. H. Ridings. 
Treasurer, . ; : : . HE. 7. Cresson; 


Conservator, : ; 2 . H. Skinner, M.D. 
Respectfully presented, 


J. H. Ripines, 
Recorder. 


REPORT OF THE BOTANICAL SECTION. 


The Vice-Director of the Botanical Section respectfully reports 
that the prosperity noted in past years still continues, chiefly 
through the voluntary work of its active members. The Con- 
servator’s account, adopted as part of this report, shows a very 
gratifying growth in the Herbarium, which is one of which the 
Academy may be proud. The membership, with some few 
additions and losses, remains about the same as last year. The 
Section is wholly free of debt, and has a balance in the treasury. 
Meetings have been held regularly on the second Monday evening 
in each month, except during the summer recess, and many new 
or interesting facts in botany have been brought to the notice of 
members—some of which have been thought worthy of recording 
in the Proceedings of the Academy. 
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The officers elected for the ensuing year are :— 


Director, : ; . W.S. W. Ruschenbefge?, M. D. 
Vice-Director, : . Thomas Meehan. 

Recorder, : ; . Chas. Schaffer, M.D. 
Treasurer, . . . Isaac C. Martindale. 


Conservator, . ; . John H. Redfield. 
Respectfully submitted, 


THomMAsS MEEHAN, 
Vice-Director. 


Conservator’s Report for 1886.—The Conservator of the Bo- 
tanical Section reports that the donations to the Herbarium, 
during the year just closed, consist of 2452 species of plants, of 
which 2433 are of phanerogams and vascular cryptogams, and 19 
of lichens. Of these, 726 species are new to the collection, and 
among them are representatives of 40 new genera. Of the 2452 
species, 847 are North American, 858 are from Tropical and South 
America, and 747 are from the Old World. The total number of 
species of phanerogams and vascular cryptogams now in the 
Herbarium is estimated at 26,189. 

A list of the donations for the year is appended to this report. 
Among them may be specified 232 species of North American 
grasses from the U.S. Department of Agriculture at Washington, 
embracing 73 new species. These, witha collection of 54 species, 
made by F. Tweedy in the Yellowstone Park, make our series of 
N. American grasses unusually complete. From Dr. A Gray, of 
the Harvard University Herbarium, we have received about 300 
species from the Old and the New World, embracing many 
novelties. Members of our Section have presented two fine 
collections made by Pringle and by Palmer in the Mexican 
province of Chihuahua, consisting of 710 species, of which 267 
are new to us, and a very choice collection of South African 
plants made by Miss M. E. Cummings, nearly one-half of which 
were not in our Herbarium. Mr. Aubrey H. Smith has presented 
us 154 species which he collected in Colorado, New Mexico, and 
California (see Additions to Museum), 

The work of mounting the specimens in the North American 
Herbarium is still continued, and considerable progress has been 
made during the past year with the assistance of Mr. Burk. 
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During this period the N. America species of Cyperus have been 
carefully revised by Prof. Britton, of Columbia College, New 
York; and the perplexing species of Paspalum, by Dr. Vasey, of 
Washington. Dr. John W. Eckfeldt has continued his special 
care of the lichens of the Academy, adding to their number, 
and has so arranged and catalogued the several collections of 
this order, as greatly to facilitate reference. Similar work is 
greatly needed for the remaining order of the lower Cryptogams. 


Joun H. REDFIELD, 
Conservator. 


REPORT OF THE MINERALOGICAL AND GEO- 
LOGICAL SECTION. 


The Director of the Mineralogical and Geological Section of 
the Academy of Natural Sciences would respectfully report that 
meetings have been held regularly during the year, but that 
owing to the enforced absence of several of the more active 
members the attendance has not been as great as formerly. The 
additions to the cabinet, while not as numerous as in former 
years, have been considerable and valuable. A number of them 
have been purchased with the funds of the Section. 


Respectfully submitted, 


Turo. D. Rann, 
Director. 


REPORT OF THE PROFESSOR OF INVERTEBRATE 
PALEONTOLOGY. 


The Professor of Invertebrate Paleontology respectfully reports 
that during the year he has delivered a course of lectures, with 
practical demonstrations, on geology and paleontology, which 
course was supplemented by a number of field excursions in 
the surroundings of Philadelphia. A special excursion, designed 
for the purposes of original investigation, and extending over a 
period of two weeks, was conducted during the month of July to 
Nantucket and Martha’s Vineyard, resulting in valuable acquisi- 
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tions of both zoological and geological material. Special atten- 
tion was directed to the study of the fossiliferous deposits of 
the Island of Nantucket, with the result of demonstrating the 
erroneousness of the hitherto described sections of those deposits. 
The data obtained during this trip will be published in the 
Proceedings of the Academy. 

The collections of the Academy in the department of Inverte- 
brate Paleontology have been, as far as arrangement and classifi- 
cation are concerned, materially improved during the year; the 
entire series of fossils pertaining to American geology is now 
readily accessible, and in a condition for easy reference. More 
than three-fourths of this collection are permanently labeled. 
Roughly estimated, the collections in this department, embracing 
both foreign and American fossils, occupy upwards of 20,000 
trays, and are probably second to no other collection in import- 
ance in this country. Special importance attaches to the series 
of Cretaceous and Tertiary fossils, especially the latter, in which 
are included probably four-fifths of all the types that have been 
described from this country. The Paleozoic fauna is, on the 
other hand, very inadequately represented, although the collec- 
tions of the Pennsylvania Geological Survey, now deposited with 
the institution, will add very materially to this section when 
displayed. 

Further reference to the collections in the department of 
Invertebrate Paleontology is contained in the report of the 
Curators of the Academy. 


Very respectfully, 


ANGELO HEILPRIN, 
Prof. of Invertebrate Paleontology. 


—— 


REPORT OF THE PROFESSOR OF INVERTEBRATE 
ZOOLOGY. 


The Professor of Invertebrate Zoology respectfully reports 
that during the past year he has delivered a course of ten lectures 
on the “ Special Senses.” 

He further reports that the collections under his charge have 
somewhat increased. 

26 
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There is a good collection of marine invertebrates, not yet 
officially presented to the Academy, from the West Coast of 
Florida, collected in the spring of this year by Prof. Angelo 
Heilprin. 

A course of ten or twelve lectures will be given in the spring 
of the coming year (March and April), the subject being ‘Sense 
Organs in the Animal Kingdom.” 


Very respectfully, 


BENJAMIN SHARP, 
Professor of Invertebrate Zoology. 


od 


REPORT OF THE PROFESSOR OF ETHNOLOGY AND 
ARCH HZOLOGY. 


During the last year two short courses of lectures were deliv- 
ered in the rooms of the Academy, one on the General Principles 
of Ethnology, the second on the special topic of American Arche- 
ology. The latter was illustrated by numerous specimens from 
the collections of the Academy. Both were reasonably well 
attended, and it is believed that an increasing interest is shown 
in these subjects. 

Some material was added to the collections in this department 
during the year, but the same difficulty mentioned in the last 
report, has interfered with obtaining as many specimens as would 
* be practicable—that is to say, a lack of space for their proper 
accommodation and display. 


Respectfully submitted, 


D. G. Brinton, M.D., 
Professor of Ethnology and Archeology. 
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“ D. G. Brinton, M. D. ee ea RO Lee 38 00 
*¢ Wilson Fund. Toward Salary of Librarian....... 300 00 
‘* Publication Fund. Interest on Investments Jet ood 340 00 
‘* Barton Fund. ee vagaeye | CeO O0 
‘* Life Membership Fund. ‘“ ‘ ie sesloces #8 2160000 
‘¢ Maintenance Fund. &¢ Hi se sesmsaz’ 1205900 
“ Eckfeldt Fund. “ es She) peach ems 125 00 
* Stott Legacy Fund. « FS bacrsae? = £00-00 


valance OVELONAWIcnied < c.vstenisicieic oeniete elice 


$7460 73 


6222 81 
$1237 92 
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LIFE MEMBERSHIP FUND. (For Maintenance.) 


Incomexfrom investments: 2c f2 a eaoce aa eee ciecies ch Cae -. $ 165 00 
Life Membership transferred from General A CCOUNG: ole corer os | L50K00 
$315 00 
Balance overdrawn last statement...........ccccecsecs $100 00 
Transferred to General Account........cccccccccocccce 165 00 
265 00 
BAlATICOs ihre store q o's cierdie ie ore lalla e orateveta ws orotate atel ne een ene eS -- $50 00 


BARTON FUND. 
Interest from Investments...... s alinaife Tes toaa a © bisie cael sale ee Seer $ 240 00 


Transferred to General A ecount.. <7. .'sc1s''sle'sls'e «'sletelsine oes 240 00 
JESSUP FUND. (For Assistance of Students.) 
DisbursementStisis cies cae o's cee aieceieieie\nleuscelogs aia jecevelee eee ee eee $ 795 00 

Balance per lastistatement-\ s\s ic. cicciscinisec sisi oelesieteaiee $234 01 
interest from mnvestments*..45 ccs yen nel eee oe erence 560 00 
—)), 194.01 
Balance OVevaraAwn. in crc sia oiels coer seinraelgclosseacesisemerenes 99 
MAINTENANCE FUND. 
Income’ from Investments. :|sccisicse'iejeie cals cisle eisai cin cel uee eters $ 205 00 
Legacy of Jno. L. Neill, deceased, on account......-.....-. -- 5100 00 
$5305 00 
Transterred to General Accounts: caccc. oc. cleoaaccerte sede dees 205 00 
Balance for investment. <2. 2..<.c0ss co ee oneece eee $5100 00 
ECKFELDT FUND 
Income from) Investments. ).:.2c,clie.cis/>, cioeteveioiese ese e.ceusielepeieiee een $ 125 00 
Transferred to General Account... .s<o. <> sceeeere oo ceiniclenieee 125 00 
MUSEUM FUND. 
Balance per Vast statement... 2a cw ce bees sce nee core eneee $ 55 00 
Income from’ Invesiments..*.\.'. si. sss eeiceeles eo a0 de st sieese See 50 00 
$105 00 
TOV WILLIAMSON LIBRARY FUND. 
Balancovashisuemient. :ra/cleieieles oxiojstet-lesiel(etsteloietens|slereiets Pe aici cic $2016 50 
Rents collected iss Goh sce kicickSencacnpas den aidibiole ste eee era lolere oetetate 10138 92 
Ground-rents ‘Collected: ...o2\..4/0s.ee:0:4 exclete a. avata cielatsiote tera tise eere eee 841 55 
$3871 97 
BOOkS:/: ciswisiasidels efsie eyale fora/a a avsiauaeieleveis micle's Selden white’ de $1192 12 
Repairs to Houses...... Spadenial alajeianayersie Micis svstatetcvavelsteiatalers 241 09 
Taxes and Wiater-rents .% cic.cisc cas cise cuts celta ciciesatarelees 202 O01 
BINGE eyes erate a eereicis ctelevalarevetavale erateiete cleternNetsrensteie <tattets 120 40 
Colleges. cicioimrawtarete sm oie wicleieloiete = creieere ie eekrel erate 5 92 77 
— 1848 39 


Balance (Principal, awaiting investment, $1'750.00)...... $2023 58 
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THOMAS B. WILSON LIBRARY FUND. 


Balance overdrawn as per last statement.........cccccecccevess § 272 33 
Cash paid George N. Lawrence, New York.........cessseeeee re 96 40 
Cash paid B. Westermann & Co., New York, Books....... Ptacen  LOOLOS 
Cash transferred to General Account toward Salary of Librarian, 300 00 
$768 77 
Less Henry Sothern & Co., London............. Stovereneleta $ 96 69 
Itetest: OM LNVEStMGN GS. .s)s/\< aeisieinisic'seisieiciacis sia acteiciea se 525 00 
——_ 621 69 
Balance overdrawn..... ie ssaesirescane wiaia sepa diseuiotate $147 08 


PUBLICATION FUND. 


AlanCe perslaSbuStaGOMON be icls.e\sielcieinis ei sislelelslsie ictal ila alelels|=)e/sielelele - $ 225 00 
City of Philadelphia Loan, July ‘10, 1868, No. 2945 paid off...... 500 00 
TTPELOSUPELOIMIY any CSHIMTETIES a yate iar eee ovei:os iareraveleie siete cha rerelsisleloveleieeterevers 340 00 
$1065 00 

Transferred to General Account..... slalste: cate rainle, Stace a's ldecahe abe rstane s- 040 00 
Balance Ory INVOSUMEMILY: yoicle shore. sic:61e cveie:elacoislolacsisletarelatelstaiete . $725 00 


STOTT LEGACY FUND. 


Income from Investments ..... Tialesavala codlenenelesavencienevaccea etaleters everstera $100 00 
Transferred to General Account .............. sjarolafonloral aroterateleteke 100 00 


WM. 8S. VAUX FUND. 


Balance per last statement...... bisicertusteletcyaiciete scpoouDoLEaCo0ce - $512 08 
IMteresti Ome LVeEShMEMNES) s «ic. slete coe) cisieier~ wistaiercelaisieveloielele HOBoOGOS 600 00 
$1,112 08 

Cash paid for Minerals................ faiaininlotaiataxisteveisvetets oseese O90 54 
Balance eters cielete ccc cise atateloietcfotetele Aoooos Bfalcteieleicselchelele eoccee $012 54 


H. N. JOHNSON FUND. 


Balance overdrawn last statement ....0.----..-% A vels cis sie iver $ 221 81 
DIS DUMSCIMENLS) a sl<cisic seieisies sae eoayoleieny helen aleiein atevetate ale nite oe deen L000) 85 
$2022 66 
HORST ES: OF MOLL LAGE. « ojacia\s.0.0 6 <bete)<isiciaivinis sia) oaiaieiale $ 26 84 
Cash received, to entering satisfaction on Mortgage.. 50 
Rents, Collected ive srs acs +-o.sie'sare, cid Cock aciatele heisaieincige 1441 96 
Ground Rents Collected. ........sseccacsnce ee 189 00 
_— $1658 30 
Balance overdrawn..... cjavoje afejeuvietet aie toy atelerayaye) aleicressielorei cies $364 36 


The H. N. Johnson Estate was indebted for ;4 of a mortgage of 
$6000 to Charles J. Wister, the proportion being $1600, which was 
settled by W. N. Johnson’s mortgage to Academy, $1500, and the pay- 
ment of $100 in cash, and both mortgages were satisfied of Record. 
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The election of Officers, Councillors and Members of the 
Finance Committee, to serve during 1887, was held, with the 


following result :— 


President, 
Vice-Presidents, 


Recording Secretary, . 
Corresponding Secretary, 
Treasurer, 

Librarian, 

Curators, 


Councillors to serve three 
years, . 


Finance Committee, 


Joseph Leidy, M.D. 

Thomas Meehan, 

Rey. Henry C. McCook, D. D. 
Edward J. Nolan, M.D. 
George H. Horn, M.D. 
William C. Henszey. 

Edward J. Nolan, M.D. 
Joseph Leidy, M.D. 

Jacob Binder, 

W.S. W. Ruschenberger, M.D. 
Angelo Heilprin. 

George Y. Shoemaker, 
Aubrey H. Smith, 

George A. Koenig, Ph. D. 
George A. Rex, M.D. 

Isaac C. Martindale, 

Aubrey H. Smith, 

8. Fisher Corlies, 

George Y. Shoemaker, 

Wn. W. Jefferis. 


ELECTIONS DURING 1886. 
MEMBERS. 
January 25.—Roland D. Jones, M.D. 
February 23.—Miss Mary A. Campbell, F. L. Harvey. 
April 27,—Calvin McCormick, Samuel Wagner. 
May 25.—Charles P. Sherman. 
June 29.—Christian E. Metzler, Charles H. Marot. 


August $1.—C. L. Kilburn. 


September 28.—Richard H. Day. 
November 30.—George McClellan, M. D., George L. English. 


CORRESPONDENTS. 


January 26.—Alfred M. Mayer of Hoboken, N. J.; Charles 


Wachsmuth of Burlington, lowa. 
March 30.—J. C. Arthur of Geneva, N. Y. 
November 30.—Emil Selenka of Erlangen. 
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ADDITIONS TO THE MUSEUM. 


ARCHAHOLOGY AND ETHNOLOGY.—Stuart Wood. Lapp baby-basket. 

W.S. W. Ruschenberger. Spear-head from Zanzibar, obtained in 1835. 

Adele M. Fielde. Product from the silk-gland of Cecropia, Swatow, China. 

W. 4H. Jones. Collections of Peruvian pottery, Esquimaux implements, 
shoes, fur suit, etc. Indian mask and figure-head, Alaska. 

J. Collins. Shells from Indian mound, Tennessee. 


Mammaria.—W. P. Gibbons. Sciwrus fossor, Thomomys talpoides from 
California. 
M. Mattson. Lynx, Colorado. 


Brirps.—S. M. Brice. 81 North American birds, principally from the 
neighborhood of Philadelphia. 

W.P. Gibbons. 5 species of California birds. 

A. J. Garrett. Crex Tabuensis (?), Pacific Islands. 


REPTILES.—W. W. Jefferis. Vertebre of snake. 
H.C. Chapman. Bothrops atrox, Martinique. 


Fisues (Recent and Fossil).—A. 8. Rowan. Vertebree of Portheus (?), 
* Cretaceous of Fort Randall, Dakotah. 

A.M. Smith. Dicerobatis Japonica. 

W.E. Meek. Petromyzon (male and female), from Cayuga Lake, N. Y. 
W. P. Gibbons. Two uteri of viviparous fishes. 

J. D. Casey. Carcharias Americanus, Townsend’s Inlet, N. J. 


Mouuiusca.—Wm. G. Binney. Helix Hemphilli, Oregon ; Planorbis bicari- 
natus, N. Mexico; Helix Cantiana, Quebec; three species of Land 
Shells from the New Hebrides, Tennessee and Lower California ; Pom- 
pholizx costata, Oregon. 

John Brazier. Twenty-eight trays of Land Shells from Australia and 
New Guinea. 

C. Conemenos. 497 trays of land, fresh-water and marine shells from 
Greece and the Mediterranean Sea. (Purchased by the Conchological 
Section.) 

William H. Dall. Operculum of Fusciolaria princeps. 

M. Dollfus. 277 trays, Mediterranean shells, principally from the coast of 
France, at Roussillon, ete. (Purchased by the Conchological Section.) 

Harry E. Dore. 26 species California marine shells. 

John Ford. 3 marine species, Atlantic City, N. J.; Ostrea borealis, Lam., 
Greenwich Bay, R. I.; Arca pexata, Say, Atlantic City, N. J.; Ostrea 
Virginica, Arca pexata and Modiola tulipa, from Cape May, N. J.; nidus 
of Natica, and variety of Mactra solidissima, Atlantic City, N. J.; Helix 
hyroides and Succinea obliqua, Wissahickon Creek, Philadelphia; Arca 
pexata, Greenwich Bay, R. I. 

Andrew Garrett. 96 trays of land, fresh-water and marine shells, mostly 
of the Society Islands; 69 trays of, Polynesian shells, 228 specimens, 
(The above both purchased by the Conchological Section.) 

Wm. D. Hartman. Photographs of three new species of Partula ; -Veroni- 
cella Floridana, in alcohol. 

Theodore Hermann. Five specimens of Spondylus princeps and 8S, leuca- 
cantha from the Gulf of California ; Hburna lutosa, China. 

Angelo Heilprin. Spondylus princeps, Var. 

W. W. Jefferis. Vermetus lwmbricoides, Florida. 

Joseph Leidy. Modiola modiola, Kennebunkport, Me. 

Wm. G. Mazyck. Helix terrestris, Charleston, 8. C. (naturalized), 
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Prof. J. H. Morrison. Helix nemoralis, Lexington, Va. (introduced). 

8. R. Morse. 9 marine species, Atlantic City, N. J. 

C. R. Orcutt. Chlamydoconcha Orcutti and three other marine species, 
San Diego, Cal 

W.T. Pettard. 21 species land and fresh-water shells, Tasmania. 

H. A. Pilsbry. species land and fresh-water shells, Louisiana and Texas. 

J. B. Quintard. 27 trays fresh-water shells, from Kansas. 

John H. Redfield. Pecten Magellanicus, Mt. Desert Isl., Me. 

Wm. H. Rush. 2 species of Nudibranchs, from Florida and the Bahamas. 

Benj. Sharp. Dry preparation of Zimaz agrestis, Philadelphia. 

J. A. Singley. 27 species of land and fresh-water shells from Texas. 
(Purchased by the Conchological Section.) 

R. E. C. Stearns. 3 species of marine shells from the W. Coast of America. 

Rev. J. M. Thompson. Bulimus scalariformis. 

Geo. W. Tryon, Jr. 115 species marine, land and fresh-water shells, new to 
the collection. 


INVERTEBRATES (recent) generally, excluding Mollusca.—J. Ford. Micro- 
sciona prolifera, Atlantic City,N. J. 

P. C. Tucker, Jr. Renilla Dane, Galveston Beach, Texas. 

G. H. Parker. Tubularia indivisa, Atlantic City, N. J 

H. M. Smith. Mithrax spinosissimus, West Indies. 

B. Sharp. Cymothoa (from Crenilabrus), Villefranche, France. 

A. Orr. Gecarcinus lateralis, Jamaica. 

W. A. Stewart. Libinia canaliculata, Arkadelphia, Arkansas. 


INVERTEBRATE Fossits.—A. D. Durbishire. 30 species of British Plio- 
cene and Post-Pliocene fossils (in exchange). 

T. H. Aldrich, 23 trays Eocene and_ Oligocene fossils, from Alabama and 
Mississippi; 9 species of Alabama Eocene fossils. 

E. T. Dumble. 15 trays Eocene fossils from Texas. 

A. G. Wetherby. 9 trays Oligocene fossils from Florida. 

F. L. Harvey. Anthracomartus trilobitus, Subcarboniferous of Arkansas ; 
Ostrea larva, Cretaceous of Arkansas. 

G. W. Tryon, Jr. 95 species of Eocene fossils from the Paris Basin, col- 
lected by M. Antheaume; 46 species of Tertiary fossils from the same 
region ; 5 species of French Cretaceous fossils. 

A. Heilprin. Pygidium of Phacops, Upper Silurian of Walpack Bend, Pa. 

J. M. Hodgin. Calymene Blumenbachii, Easton, O. 

H. B. Abbott. Collection of Miocene fossils from Southern New Jersey. 

A. F. Gentry. 4 trays Miocene fossils from Southern New Jersey. 


Puants (Recent).—Aubrey H. Smith, 156 species of plants collected 
chiefly by himself in Colorado, New Mexico, and California, in May and 
June, 1884. 

J. Bernard Brinton. 4 species of plants from Louisiana and Lower 
California. 

J. H. Sandberg, Red Wing, Minnesota. 22 species of plants collected 
by him in Nez Percé Co. iia: in 1885. 

Chas. 8. Sargent, of the Arnold Arboretum, Mass. 21 species of trees 
and shrubs, mostly from the Southern United States. Shortia galacifolia 
Gr., from Michaux’s original locality, Toxanay R., 8. Carolina. 

Horace J. Smith. Pinus Veda L., from Aiken, 8. C. 

Frank Tweedy, through F. L. Scribner of the Agricultural Department, 
Washington, D.C. 54 species of grasses collected in the Yellowstone 
Park in 1885. 

Wm. M. Canby. 255 species of plants from Southern Europe and North- 
ern Africa, mostly from the herbarium of John Ball, London, 
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Asa Gray. 43 species of plants collected in British America by J. M. 
Macoun ; 65 species collected by Gaumer at Cozumel I., on the coast of 
Yucatan; 88 species from Northern, Western, and Central Asia and 
Japan, by various collectors ; 76 species, mostly from Northern Africa 
and Asia ; 52 species, mostly from Porto Rico. 

Isaac C. Martindale. Dalea plumosa Wats., new species from Chihuahua, 
Mexico. 

Geo. Vasey.—U. 8. Department of Agriculture. 232 species of North 
American grasses, many of them new. 

Thomas Meehan. 55 species of plants, mostly cultivated, and many of 
them new to the collection. 

Thomas Meehan and John H. Redfield. 308 species of plants collected by 
Dr. E. Palmer, in$. W. Chihuahua, Mexico, Aug.—Nov, 1885 ; 315 species 
of South African plants, collected by Miss M. E. Cummings. 

Helen C. De 8. Abbott. Trunk of Fouguiera splendens, from Lake Valley, 
New Mexico. 

Mrs. E. H. Williams. 18 species of Chilian plants. 

F. W. Harvey. 18 species of plants from 8S. W. Arkansas. 

Thos. C. Porter. 24 species of plants from New Jersey and Pennsylvania. 

Joseph Leidy. Ornithogalum nutans, Wissahickon, Phila., Garden scape. 

John W. Eckfeldt. 19 species of N. American Lichens. 

Miss Harrison, through Mrs. M. L. Owen, Springfield, Mass., Myriophyl- 
lum hippuroides Nutt., from California. 

Isaac Burk. 4 species of New Jersey plants. 

H. C. McCook. Agave Sisalana, fine living plant in flower, from Florida. 

Josiah Hoopes. Flowers, leaves, and ascidia of Wepenthes distillatoria. 

Miss Fisher. Polygala incarnata, near Charleston, 8. C. 

John H. Redfield. 402 species of plants collected by C. G. Pringle in 1885 
in the border provinces of Mexico, mostly in Chihuahua; 55 species, 
mostly from Washington Territory and California; 76 species from the 
coast of New England; 86 species, mostly southern and western, to 
supply desiderata in the collection. 


Puants (Fossil).—W. D. Hartmann. Fern (?) stems from the Triassic of 
Pennsylvania. 

F. L. Harvey. Whittleseya microphylla, sab-Carboniferous of Arkansas. 

A. F. Gentry. Quatenary leaf impressions, Bridgeton, N. J. 

8. D. Button. Plant impressions (Vevillum?), from the Devonian of the 
Catskill Mountains, N. Y. 


MINERALS AND Rocks.—H. N. Dubois. Gibbesite, Poughkeepsie, N. Y. ; 
Slickensided Medina sandstone, Delaware Water Gap, Pa. 

C. H. McCormick. Zoisite, Leiperville, Pa. ; kyanite, Chester Co., Pa.; 
peacock-coal, Philadelphia, Pa. 

J. D. Button. Siderite nodule, Sligo Junction, Pa. 

W. W. Jefferis. Smithsonite, Mineral Point, Wis.; sphalerite, Joplin, 
Mo.; biotite, Delaware Co., Pa.; phlogopite, Burgess, Can.; moonstone, 
Delaware Co., Pa.; euphyllite, Unionville, Chester Co., Pa.; selenite, 
Lebanon Co., Pa.; aurichalcite, Laurium (?), Greece; chestertite, Ches- 
ter Co., Pa.; siderite and hematite, Antwerp, N. Y. 

J. T. Morris. Boulders from the Muir Glacier, Alaska; garnet schist, 
Stickeen River, Alaska. 

T. D. Rand. Concretionary weathering in gneiss, Radnor, Pa.; trap, 
Radnor, Pa. 

§. Durborow. Ferruginous earth, Bartram, Fla. 

H. Derousse. Rock from McElwain’s oil well, Duke Centre, Pa. 

M, Hannah. Irish turf. 

W. B. Eltonhead. Limestone, N. C. 
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L. Harvey. Carboniferous rock, Siloam Springs, Ark. 
C. 8. Bement. Meteorite, Alfianello, Italy ; garnet crystal, Colorado. 
G. F. Kunz. Meteorite, J enny’s Creek, W. Va. 
C. U. Shepard. Meteorite, Dalton, Ga. 
E. J. Nolan. Hematite ore, Bessemer, Mich. 
M. Russell. Concretionary nodule, Woodbury, N. J. 
J. Edgerton. Stalactitic quartz, Belmont Creek, O. 
L. Woolman. Fossiliferous boulder, Tacony, Pa. 
A. Heilprin. Cambrian pebble, Glassboro, N. J. 
D. Mickle. Boiler incrustation. : 
A. Brezina. Glorietta meteorite (fragment). 
D. P. Williams. Gneiss, with enclosure of feldspar, Aldham, Chester 


E. C. Hine. Magnetic iron and iron ore, fragment of trap-dike, Potsdam 
sandstone, and glaciated boulder, from Chateaugay, N. Y. 

C. P. Perot. Ferro-manganese, Edgar Thompson Steel Works, Pittsburg, 
Pa. ; coke, same locality. 

W. H. Jones. Silver ore, Oroya, Peru; silver ore (no loc.); silver ore, 
Triumfu Mines, L. California; cinnabar, St. John’s Mine, California; 
cinnabar, New Almaden, California; copper i Coquimbo, ‘Chili. 

J. Ruther. Devonian shale, Lycoming Co., 

J. M. Birkey. Carnelian (no loc.). 

Editor Philadelphia Public Ledger. Fissure products from the Carolina 
earthquake. 

U. 8. National Museum. Meteorite, Grand Rapids, Mich. 


ADDITIONS TO THE Wo. 8. VAUx CoLLEcTION.—Turquoise, New Mexico ; 
Molybdenite, Canada ; 3 Spinel Ruby, St. Petersburg ; 2 Sphalerite, Mis- 
souri; 2 Calcite on Sphalerite, Missouri; 2 Astrophyllite, Colorado; 2 
Topaz, Colorado; Sphalerite, Missouri; Orthoclase, Missouri; 3 Azurite, 
Arizona ; 2 Malachite, Arizona ; 2 Malachite and Cuprite ; 3 Ouvarovite. 
Canada; 3 Prehnite, Hartz; 2 Rutile and Mica, North Carolina; 2 
Vanadinite, Arizona; 2 Cut Aqua-marine, Brazil; 2 Garnet, Ceylon; 
2 Wulfenite, Arizona; 2 Opal, Mexico; 2 Yellow garnet,. Siberia; 2 
Calcite, Chihuahua; 2 Rhodochrosite, Colorado; Gypsum, Chihuahua ; 
Quartz; 2 Amethyst, Germany; Celestite, Lake Erie; 2 Celestite, 
Texas ; 4 Marcasite, Missouri; Sphalerite, Missouri ; 3 Obsidian, Mexico; 
Opal, Mexico; Tridymite, Mexico; Valentinite, Mexico ; Quartz. Mexico ; 
Calcite, Mexico ; 6 Geodes, Florida; Diamond in Bort, Brazil; Quartz, 
New Jersey; Silver Amalgam, Peru; Garnet, cut spe.; 4 Phlogopite, 
New York; 2 Phlogopite, Canada; 3 Muscovite ; Apophyllite, Pennsyl- 
vania ; Emerald, North Carolina ; Microcline, Colorado ; Silicified Wood, 
Colorado; Five-pound Garnet, Colorado ; Stromyerite, Mexico ; 3 Topaz, 
Siberia ; Kyanite, Pennsylvania; Dog Tooth Spar, New York; Corundum, 
North Carolina ; Pyrargyrite, Saxony; Celestite, Tumerlee ; Cairngorm ; 
Specular Iron, Elba ; Smoky Quartz, Colorado ; Witherite, England ; 
Aragonite, Pennsylvania ; Milarite, Tavetch ; 2 Hyalosiderite, Germany ; 
Steatite ; 3 Chalcopyrite, Pennsylvania; Tetrahedrite, Pennsylvania ; 
Magnetite, Pennsylvania ; Crystal of Limonite, Pennsylvania ; 3 Calcite, 
England ; 3 Tourmaline, New J ersey; Rhodochrosite, New Jersey; Fossil 
Coral, Iowa; Hiddenite, North Carolina ; Alabandite, Mexico; Iridescent 
Blende, Mexico. 
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ADDITIONS TO THE LIBRARY. 


1886. 
Aaron, 8. Frank. The North American Chrysidide. 8vo, T. 
On some new Psocidee. 1886, 8vo, T. The Author, 
Adami, Giov. Battista. Molluschi dei dintorni di Sassari in Sardegna. 
8vo, T. 
Elenco dei molluschi terrestre e fluviatili viventi nella Valle dell’ Oglio. 
8vo, T. 
Molluschi postpliocenici della Torbiera di Polada presso Lonato. 1881. 
8vo, T. 
Novita malacologiche recenti. 1885. 8vo, T. The Author, 
Abbott, Charles C., M.D. Upland and meadow, a Poaetquissings Chron- 
icle. Svo. New York, 1886. The Author. 


Abbott, Helen C. De 8S. Preliminary analysis of the bark of Fouquiera 
splendens. 1884. 8vo, T. 
Yucca angustifolia, a chemical study. 4to, T. Philada., 1886 
The Author. 
Acharius, Erik. Lichenographia Universalis. Gottings, 1810. 
I. V. Williamson Fund. 
Adams, Lionel Ernest. The collector’s manual of British land and fresh- 
water shells. 1884, I. V. Williamson Fund. 
Alabama, Geological survey of. Bulletin No. I, 1 and 2. The Authors. 
Albrecht, P. Sur la non-homologie des poumons des vertébrés pulmonés 
avec la vessie natatoire. 8vo, T. Paris, 1886. 
Ueber die Wirbelkorperepiphysen und Wirbelkérpergelenke zwischen 
dem Epistropheus, Atlas und Occipitale der Siugthiere. 8vo, T. 1884. 
Zur Zwischenkieferfrage. 8vo, T. 1885. 
Ueber die morphologische Bedeutung der Pharynxdivertikel. Ueber 
die Shepherd’schen Frakturen des Astragalus. Ueber kongenitalen 
Defekt der drei letzten Sakral- und sammtlicher Steiszwirbel beim 
Menschen. Ueber sechsschneidezihnige Gebisse beim normalen 
Menschen. Ueber zweiwurzelige Eck- und Schneidezihne beim 
Menschen. 8vo,T. 1885. 
Epiphyses entre l’occipital et le sphénoide chez l'homme; Os trigone 
du pied chez ’homme. Epihallux chez ’homme. 8vo, T. 1885. 


The Author, 

Vergleichend anatomische Untersuchungen. I,1. 8vo. Hamburg, 
1886. I. V. Williamson Fund, 
Allgemeine Naturkunde. Lief. 2-54. I. V. Williamson Fund. 
Amann, Rud. De Cor.ppo priorum poetarum latinorum imitatore. Dissert. 
Inaug. Acad. Kiliensi. 8vo, T. 1885. University of Kiel. 


American Ornithologists’ Union. The Code of Nomenclature and Check- 
list of North American birds. 8vo. New York. 1886. 
I. V. Williamson Fund, 
Ancey, M. C. F. Nouvelles contributions malacologiques. 8vo. Juillet. 
1885. The Author. 
André, Ernest. Deuxieme supplément au species des Formicides d’ Europe 
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Beauchamp, W. M. Land and fresh-water shells of Onondaga County. 
8vo, T. Baldwinsville, N. Y., 1886. The Author. 
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H. T. Stainton, F. R.8. Vol. I, The Butterflies. 8vo. London, 1886, 

J. V. Williamson Fund. 
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Buffalo Library. Finding-List, Part II. 8vo, T. Buffalo, 1886. 
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On the Intercentrum of the terrestrial Vertebrata. 8vo, T. 1886. 
The Vertebrata of the Swift Current Creek region of the Cypress 
Hills. 8vo, T. 1885. The Author. 
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University of Kiel. 
Dall, Wm. H. On Turbinella pyrum Lamarck, and its dentition. 8vo, T. 
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Report on Behring Island Mollusca collected by Mr. Nicholas Greb- 
nitzki. 1886. 8vo, T. The Author. 
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Taconic of Emmons. 8vo, T. 1886. The Author. 
De Candolle, Aug. Pyr. Regni Vegetabilis Systema Naturale. Vols. 1 
and 2. 8vo. Parisiis, 1818, 1821. I. V. Williamson Fund. 


Deichmiiller, J. V. Ueber Urnenfunde in Uebigau bei Dresden. 8vo, T. 
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I. V. Williamson Fund. ° 
Frazer, Persifor. Geologorum Conventus. Mente et Malleo. The work of 
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8vo. Leipzig, 1882. I. V. Williamson Fund. 
Goeders, Christian. Zur Analogiebildung im Mittel- und Neuenglischen, 
ein Beitrag zur Kenntniss der Sprachgeschichte. Inaug.—Dessert. 
philos. Fakultat der Chr.-Alb.-Univ. zu Kiel. 8vo, T. 1884. 
University of Kiel. 
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Goodale, G. L. Gray’s Botanical Text-Book (6th edition), II. Physiolog- 
ical Botany. 8vo, 1885. I. V. Williamson Fund. 
Goode, George Brown. The Fisheries and Fishery Industries of the United 
States. Section I, text and plates, 2 vols. Washington. 4to. 1884. 
The U. 8. Commission of Fish and Fisheries. 
Govi Gilberto. L’Ottica di Caudio Tolomeo, da Eugenio, Ridotta in Latino 
sovra la Traduzione Araba di un Testo Greco imperfetto, per la 
prima volta sotto l’autorita della R. Accad. di Torino. 8vo. Torino, 
1885. The Academy. 
Graber, Vitus. Die fuszeren mechanischen Werkzeuge der Thiere. I 
Wirbeltiere ; Il Wirbellose Tiere. 1 vol. 8vo. Leipzig, 1886. 
I, V. Williamson Fund. 
Graff, L. v. Turbellarien von Lesina. 8vo, T. The Author. 
Gray, Asa. Botanical Contributions, 1886. I, A revision of the North 
American Ranunculi; Il, Sertum Chihuahuense ; III, Miscellanea. 
8vo, T. May 4, 1886. 
Supplements and Indexes. Synoptical Flora of North America. The 
Gamopetale, being a second edition of Vol. I, Part II, and Vol. I, 
Part I, collected. 8vo, T. New York, 1886. The Author. 
Synoptical Flora of North America. The Gamopetale, being a second 
edition of Vol. I, Part II, and Vol. II, Part I, collected. 8vo. New 
York, 1886. I. V. Williamson Fund. 
Gregorio, Antonio de. Fossili del Giura-Lias (Alpiniano de Greg.) di Segan 
e di Valpore (Cima d’Asta e Monte Grappa). 4to,T. 1885. 
The Author. 
Grosner, Karl. Ueber die Einwirkung von Natriumethylat auf Citracon- 
Mesacon- und Itaconsaeurezthylester. 8vo. 1885. 
University of Wurzburg. 
Gruber, August. Ueber nord-amerikanische Papilioniden- und Nymphali- 


den-Raupen. 8vo, T. Dr. J. Stockton-Hough. 
Griiber, Wenzel. Beobachtungen aus der menschlichen und vergleichenden 
Anatomie. H. 6 und 7. I. V. Williamson Fund. 
Giinther, Siegmund. Lehrbuch der Geophysik und physikalischen Geo- 
graphie, I, II. 8vo. I. V. Williamson Fund. 
Guntz, Max. Untersuchungen iiber die anatomische Structur der Grami- 
neenblitter. 8vo. Leipzig, 1886. I. V. Williamson Fund. 


Haeckel, E. Gesammelte populire Vortrage aus dem Gebiete der Ent- 
wickelungslehre. 2e Heft. 8vo. Bonn, 1879. 

I. V. Williamson Fund, 

Hager, Albert D. Report on the Geology of Vermont. 2 vols. 8vo. Clare- 


mont, 1861. In Exchange. 

Hale, Horatio. The Origin of Languages and the Antiquity of Speaking 

Man. 8vo, T. Cambridge, 1886. The Author, 
Hampden, John. Letter to Professor Huxley. 8vo, T. 1886. 

The Author. 


Hansen, Jorgen A. Ein Beitrag zur Persistenz des Ductus omphaloenteri- 
cus. Inaug.-Dissert. medicin. Facultit zu Kiel. 8vo, T. 1885. 

University of Kiel. 

Hartlaub, G. and A. Dubois. Description de trois nouvelles espéces 

d’ oiseaux rapportées des environs du Lac Tanganyka. Suivie de la 

liste des Oiseaux recueillis par M. le Capitaine Em. Storms dans la 

Régione du Lac Tanganyka (1882-84). 8vo, T. The Authors. 

Harvey, F. L. Photograph of doubleheaded snake. Mr. Harvey. 

Hawes, G. W. Catalogue of mineral localities in New Hampshire. 8vo, T. 

The greenstones of New Hampshire and their organic remains. 8vo, 

RS Prof. C. H. Hitchcock, 

Hector, James. Indian and Colonial Exhibition, London, 1886. Catalogue 

of geological exhibits. 8vo, T. 
Handbook of New Zealand, 4th Ed. 8vo. 1886. The Author. 
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Heesch, Gustav. Ueber Sprache und Versbau des halbsiachsischen Ge- 
dichts. ‘‘Debate of the body and the soul.’? (Miatzner’s Sprach- 
proben I, 92 ff.). Inaug.-Dissert. Univ. Kiel. 8vo, T. 1884. 

University of Kiel. 

Heim, Albert. Handbuch der Gletscherkunde. 8vo. 1885. 

I. V. Williamson Fund. 

Helland, Amund. Lakis kratere og Lavastromme. 4to, T. Christiana, 

: University of Christiana. 

Helmholtz, H. von. Handbuch der physiologischen Optik. 2e Aufl., Lief. 
1-3. 8vo. I. V. Williamson Fund, 

Hernandez, France. Francisci Hernandi medici atque historici Philippi II. 
Hisp. et Indiar. Regis, et totuis novi orbis Archiatri, Opera, cum 
edita, tum inedita, ad autographi fidem et integritatem expressa, 
impensa et jussu regio. 3 vols. 4to. Matriti, 1790. Thos. Meehan. 

Hennessy, Henry. On the comparative temperature of the northern and 
southern hemispheres of the earth. Nov., 1885. 8vo, T. 

On the winters of Great Britain and Ireland, as influenced by the 
Gulf stream. Nov., 1885. 8vo, T. 

On the physical structure of the earth. Sept., 1886. 8vo, T. 

On the geometrical construction of the cell of the honey bee. 1886. 


8vo, T. 
Note on the annual precession calculated on the hypothesis of the 
earth’s solidity. Oct., 1886. 8vo, T. The Author. 


Herting, Adolf. Der Versbau Etienne Jodelle’s Abhand. phil. Fakultat 
Chr. Alb. Univ. zu Kiel. 8vo, T. 1884. The University of Kiel. 
Heude, R. P. Conchyliologie fluviatile de la Province de Nanking et de 
la Chine Centrale, 7-10. Fasc. 4to. Paris. I. V. Williamson Fund. 
Hicks, Henry and W. Davies. Results of recent researches in some bone- 
caves in North Wales (Ffynnon Beuno and Cae Gwyn). Witha 
note on the animal remains. 8vo, T. Feb., 1886. The Authors, 
Hinde, Geo. Jennings. On beds of sponge remains in the Lower and Upper 
Greensand of the south of England. 1885. 4to, T. 
Hystricrinus, Hinde, versus Arthroacantha, Williams. 8vo, T. 1886. 
; The Author. 
His, Wilhelm. Unsere Korperform und das physiologische Problem ihrer 
Entstehung. 8vo,T. Leipzig, 1875. 
Untersuchungen iiber die erste Anlage des Wirbelthierleibes. Die 
erste Entwickelung des Hiinchens im Hi. 8vo. Leipzig, 1868 
I. V. Williamson Fund. 
Hitchcock, C. H, The geology of Portland. 8vo, T. 1873. 
pace of glacial action upon the summit of Mt. Washington. 8vyo. 
LOT. 
On Helderberg rocks in New Hampshire. 8vo, T. 
The lithology of New Hampshire. Preliminary catalogue of 250 typi- 
cal specimens. 8vyo, 
Norian rocks in New Hampshire. 8vo, T. 1872. 
Classification of the rocks of New Hampshire. 8vo, T. 1873. 
Geological History of Winnipiseogee Lake. 8vo, T. 1873. 
Note upon the Cretaceous strata of Long Island. 8vo, T. 1878. 
Recent geological discoveries among the White Mountains. 8vo, T. 
The distribution of the marine plants of North America a proof of 
organic submergence in the Champlain period. 8vo, T. 
Description of a new reptilian bird from the Trias of Massachusetts. 
8vo, T. 1866. 
Petroleum in North America. 8vo, T. 1867. 
The relations of geology to theology. 8vo, T. 1867. 
The religion of geology. 8vo, T. 
Dr. Hitchcock and Dr. Deane. Who first scientifically investigated and 
described the fossil footmarks of the Connecticut Valley? 8vo, T. 
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The Albert coal, or Albertite of New Brunswick. 8vo, T. 
The Visitors’ Guide to Amherst College. 8vo, T. 1862. 
Review of Lyell’s Geological evidences of the antiquity of man. 8vo, 
T. 1863. 
The elevation of mountains. 8vo, T. 1870. 
The earlier forms of life. 8vo, T. 
The world before the introduction of life. 8vo, T. 1874. 
Report on the Ammonoosice gold fields. 8vo, T. 1879. 
First and second annual reports upon the geology and mineralogy of 
the State of New Hampshire, 1867, 1870. Report during the year 
1870 (imperfect), 1871, 1872. 8vo, T. 
The geology of New Hampshire, Vol. III, 1878, with folio Atlas. 
8vo, T. 
Lenticular hills of glacial drift. 8vo, T. 1876. 
Geological explorations in New Hampshire. 8vo, T. 1874. 
The geology of the Ammonoosic mining districts. 8vo, T. 1878. 
The geology of northern New England, Maine, 1885 ; New Hampshire, 
1874; Vermont, 1872. 8vo, T. 1882. 
The early history of the North American Continent. 8vo,T. 1883. 
Description of geological sections crossing New Hampshire and Ver- 
mont. 8yvo, T. 1884. 
Geological sections across New Hampshire and Vermont. 8vo, T. 
1884. 
Geology of the White Mountains. 8vo, T. 
Physical history of New Hampshire. 8vo, T. 1877. 
The glacial flood of the Connecticut River Valley. 8vo, T. 1882. 
The geological position of the Philadelphia gneisses. 8vo, T. 
The Author. 
Hitchcock, C. H., and J. H. Huntington. Geology of the northwestern 
part of Maine. 8vo, T. 1873. Prof. C. H. Hitchcock. 
Hoernes, R., und M. Auinger. Die Gasteropoden der Meeres-Ablagerungen 
der ersten und zweiten miocinen Mediterran-Stuffe in der Oster- 
reichisch-Ungarischen Monarchie. 8vo, 1-8. 1879-81. 
I. V. Williamson Fund. 
Hugounenq, L. Les Alcaloides d’origine animale. 8vo. Paris, 1886. 
I. V. Williamson Fund. 
Hoofe, Aug. lLautuntersuchungen zu Osbern Bokenam’s Legenden. 
Inaug.-Dissert. phil. Facult. der Univ. zu Kiel. 8vo, T. 1885. 
University of Kiel. 
Hooker, J. D. The Flora of British India. Part XIII. 8vo. London, 
1886. E. Indian Government. 
Hornaday, Wm. T. Two years inthe Jungle. 8vo. New York, 1886. 
I. V. Williamson Fund. 
Hough, Franklin B. Historical sketch of the Universities and Colleges of 
the United States. 8vo, T. 1883. Department of the Interior. 
Hoy, P. R. How and by whom were the copper implements made? Who 
built the mounds? 8yo, T. Racine, 1886. The Author. 
Howes, G. B. An atlas of practical elementary biology. 4to. 1885. 
I. V. Williamson Fund. 
Hubrecht, A. A. W. Proeve eener Ontwikkelingsgeschiedenis van Lineus 


obscurus Barrois...... 4to, T. Utrecht, 1886. The Author. 
Hudson, C. T., and P. H. Gosse. The Rotifera; or wheel-animalcules. 
. 8vo, Pts. 1-5. I. V. Williamson Fund. 


Huergo, Luis A. Examen de la propuesta y projecte del Puerte del Sr. 
D. Eduardo Madero. Discusion Franca, la and 2a Parte. Buenos 
Aires, 1886. The Author. 

Humphrey, James Ellis. On the anatomy and development of Agarum 
Turneri, Post. and Rupr. 8vo, T. June 16, 1886. The Author, 
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Hunt, Thomas Sterry. Mineral physiology and physiography. <A second 
series of chemical and geological Essays, with a general introduc- 


tion. 8vo. Boston, 1886. I. V. Williamson Fund. 
Hurlbut, Henry H. Samuel de Champlain. 8vo, T. Chicago, 1885. 
The Author. 


Hussak, E., and E. G. Smith. The determination of rock-forming min- 
erals. By Dr. Eugene Hussak. ... Authorized translation from 
the first German edition by Erastus G. Smith. . . . 8vo. New York, 
1886. I. V. Williamson Fund. 

Huygens, Christian. Liste alphabétique de la Correspondance de Christian 
Huygens qui sera publiée par la société Hollandaise des Sciences a 
Harlem (n. d.). 4to, T. The Society. 

Hyatt, Alpheus. Larval theory of the origin of cellular tissue. 8vo, T. 

The Author. 

Imperial Russian Geographical Society. Report on the Aralo-Kaspic 
Leveling, made in 1874. 

W. Konner. Literature of Anthropology, Ethnology and the Sciences 
of Antiquity, 1878. 

Expedition to the Holy Land. By Prince Ladislav-Syrotka, 1582- 
1584. 

Kaskharia. By A. N. Kuropatkine. 1879. 

Information of the Countries of the Upper Amu Darja River. By J. 
Minajew. 1879. 

Investigations of the Glacial Period. By P. Kropotkine. 1876. 

Materials for the Geology of Turkestan. By H. D. Romanowsky, 
1884, 

Labors (Results) of the Siberian Expedition. T.1I; II; III, 1, 2, and 
Mathematics, 1864-1878. 

Labors (Results) of the Amu Darja Expedition, 3d, 4th and 5th Series. 
Beobachtungen gesammelt von der meteorologischen Abtheilung der 
wissenschaftlichen Expedition an den Amu-Darja, 1874-75. 

The Society. 

India, Geological Survey of. Memoirs, Palzontologia Indica. Ser. X, 
Vol. Ill, Pts. 7,8; Vol. IV, Pt. I; Supl.1; Ser.,XUE Taisen: 


XIV, I, 3. Records, Vol. XVIII, 4; XIX, 1-3. The Survey. 
Indiana. Owen’s Report of a geological reconnoissance. 8vo. 1862. 
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International Geographical Congress and Exhibition: Report upon the 
Third Congress, at Venice, Italy, 1881, prepared and submitted by 
Capt. Geo. M. Wheeler. 4to. Washington, 1885. War Department. 

International Polar Expeditions, Observations of the, 1882-83. Fort Rae. 
4to. London, 1886. H. B. Majesty’s Government. 

Iowa. White’s Report of the Geological Survey. Vols. I and II. 8vo. 
1870. In Exchange. 

Janes, Thos. P. Handbook of the State of Georgia. 8vo. Atlanta, 1876. 

In Exchange. 

Jardine, Sir Wm. A catalogue of the valuable collection of bird-skins 
formed by. Auction list. 8vo,T. June 17, 1886. 

Johannssen, Hermann. Der Ausdruck des Concessivverhaltnisses im Alt- 
franzésischen. Inaug.-Dissert. philos. Fakultét Chr. Alb. Univ. 
zu Kiel. 8vo, T. 1884. The University. 

Jordan, Karl Dr. Die Schmetterlingsfauna, Nordwest Deutschlands ins- 
besondere die Lepidopterologischen Verhiltnisse der Umgebung von 
Gottingen. Jena, 1886. (Spengel’s Zool. Jahrb. Suppl. 1). 

‘ I. V. Williamson Fund. 

Jousseaume, F, Etude sur la Famille des Cypreidx. 8vo, T. 

8. R. Roberts. 
Coquilles du Haut-Sénégal. 8vo, T. 1886. The Author. 
Juhl, Christen. Beitrige zur Casuistik des primiren Carcinoms des 
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Corpus uteri. Inaug.-Dissert. medizin. Fakultit zu Kiel. 8vo, T. 

1884. University of Kiel. 

Jukes-Brown, A. J. The students’ handbook of historical geology. 8vo. 

London, 1886. I. V. Williamson Fund. 
Kallsowsky, Ernst. Elemente der Lithologie. 8yvo. 1886. 

I. V. Williamson Fund. 

Karsten, G. Ueber die Anlage seitlicher Organe bei den Pflanzen. 8vo. 


Leipzig, 1886. I. V. Williamson Fund. 
Keyserling, E. Die Spinnen Amerikas, Theridiide. II H., 2er Bd. 4to. 
Nurnberg, 1886. I. V. Williamson Fund. 


Kidston, R. Catalogue of the paleozoic plants in the Department of 
Geology and Paleontology, British Museum (Natural History). 8vo. 
London, 1886. The Trustees. 

Kihlman, A. Osw. Beobachtungen ueber die periodischen Erscheinungen 
des Pflanzenlebens in Finnland, 1883. 4to, T. Helsingfors, 1886. 

Societas pro Fauna et Flora Fennica. 

Kilburn, C. L. Notes on preparing stores for the United States Army. 


2d Ed., 12mo. Cincinnati, 1863. The Author. 
Kirchhoff, Alfred. Unser Wissen von der Erde. er Bd., Allgemeine 
Erdkunde. 8vo. Prag, 1886. I. V. Williamson Fund. 


Kirchner, O., F. Blochmann und O. Butschli. Die mikroskopische Pflan- 
zen und Theirwelt des Susswassers. II. 4to. Braunschweig, 1886. 
I. V. Williamson Fund. 

Klein, Emil. Ueber das elektrische Leitungsvermégen. 8vo, T. 1885. 
University of Wirzbureg. 
Klostermann, Aug. Die Gottesfrucht als Hauptstiick der Weisheit Rede 
K. Chris.-Alb. Univ. zu Kiel. 8vo, T. 1885. University of Kiel. 
Kobelt, W. Reiseerinnerungen aus Algerien und Tunis. 8vo. Frank- 
furta. M. 8vo. 1885. Senckenberg Natural History Society. 
Konig, Gyula. A Masodrendii es két Fiiggetlen VAltozot Tartalmazé 
Parezialis Differenczialegyenletek Elmelete. 8vo, T. Budapest, 
1885. Royal Hungarian Academy of Sciences. 
Kohl, F.G. Die Transpiration der Pflanzen und ihre Einwirkung auf die 

Ausbildung pflanzlicher Gewebe. 8vo. Braunschweig, 1886. 

I. V. Williamson Fund. 
Kokscharow. Nikolai v. Materialen zur Mineralogie Russlands. VIII, Bg. 


21-27; TX, Bg. 1-17. 4to. I. V. Williamson Fund. 
Konner, W. Literature of Anthropology, Ethnology and the sciences of 
Antiquity. 8vo, T. 1878. Imp. Russian Geographical Society. 


Kosegarten, Wilhelm. Ueber eine kiimtsliche Gehdérsverbesserung bei 
grossen Trommelfellperforationen. Abhandl. medicin. Facultat zu 
Kiel. 4to, T. 1884. University of Kiel. 
Kreichgauer, D. Zur Bestimmung von Trigheitsmomenten durch 
Schwingungsversuche. 4to, T. 1885. University of Wiirzburg. 
Kropotkine, P. Investigations on the glacial period. 8vo,T. 1876. 
Imp. Russian Geographical Society. 
Krimmel, Otto. Der Ozean. Eine Einfiihrung in die allgemeine Meeres- 
kunde. 8vo. Leipzig, 1886. I. V. Williamson Fund. 
Krukenberg, C. Fr. W. Vergleichend-physiologische Vortrige. Grund- 
zuge einer vergleichenden Physiologie der contractilen Gewebe. 8vo. 
Heidelberg, 1886. I. V. Williamson Fund. 
Kiichenmeister, F. Die Finne des Bothriocephalus und ihre Uebertragung 
auf den Menschen. 8vo, T. Leipzig, 1886. I. V. Williamson Fund. 
Kunz, Geo, F, American Gems and Precious Stones. 8vo. Washington, 
1883. 
Precious Stones. 1885. The Author. 
Extracts from the notes on the Bement Collection of Minerals by Prof. 
Gerhard vom Rath. Translated by Geo. F. Kunz. 8vo, T. New 
York, 1886. : The Translator, 
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On three Masses of Meteoric Iron from Glorieta Mountain, near 
Canoncito, Santa Fe Co., New Mexico. 8vo, T. Sept., 1885. 

On Remarkable Copper Minerals from Arizona. 8vo, T. 1885, 

Meteoric Iron from Jenny’s Creek, Wayne Co., W. Virginia. 8vo, T. 


Feb., 1886. 

Ee eae at Prince William, York Co., N. B. Oct., 1885. 
8vo, T. 

Meteoric Iron from J enny’s Creek, Wayne Co., W. Virginia. 8vo, T. 
Feb., 1886. 


The Washington Co. Penna. Meteorite. 8vo, T. 1885. 
On Remarkable Copper Minerals from Arizona, 8vo, T. Oct. 5, 1885. 
The Author. 

Kuropatkine, A. N. Kaskharia. An historico-geographical sketch of this 
land, its military force, industry and trade. 1879. 

Imp. Russian Geographical Society. 

Langner, Otto. Ueber Gastrostomie. Inaug.-Dissert. medicin. Fakultat 
zu Kiel. 8vo, T. 1884. University of Kiel. 

Larned, Edwin Channing. In memory of. 8vo, T. Chicago, 1886. 

Latchford, F. R. Observations of the terrestrial mollusca of Ottawa and 
vicinity. 8vo, T. Ottawa, 1886. The Author. 

Lawes, Sir J. B. Onsome points in the composition of soils; with results, 
illustrating the sources of the fertility of Manitoba prairie soil. 
8vo, T. London, 1885. 

Memoranda of the origin, plan and results of the field and other 
experiments conducted on the farm and in the laboratory of Sir John 
Bennet Lawes. June, 1885. S8vo, T. 1886. , 

On the composition of the Ash of wheat-grain, and wheat-straw, 
grown at Rothamsted, in different seasons, and by different manures, 
8vo, T. London, 1884. 

Report of Experiments on the growth of wheat for the second period 
of twenty years in succession on the same land. 8vo, T. London, 
1885. The Author. 

Lawes, J. B. and J. H. Gilbert. Supplement to former paper, entitled, 
Experimental inquiry into the composition of some of the animals 
fed and slaughtered as human food. 1883. 

Experiments on Ensilage, conducted at Rothamsted; season 1884-5. 
8vo. London, 1886. 

Lawes, Sir J. B., J. H. Gilbert and R. Warrington. The nitrogen as 
nitric acid, in the soils and subsoils of some of the fields of Roth- 
amsted. 8vo, T. London, 1883. 

New determinations of Ammonia, Chlorine and Sulphuric Acid in 
the rain-water collected at Rothamsted. 8vo, T. London, 1883. 

The Authors. 

Lawrence, Geo. N. Description of a new species of bird of the genus 
Engyptila, with notes on two Yucatan birds. 8vo, T. 1885. 

Descriptions of new species of birds of the family Columbide. 8vo, 


1885 
Characters of two supposed new species of birds from Yucatan. 8vo, 
T. 1885. 


List of a few species of birds new to the fauna of Gaudeloupe, West ° 
Indies, with a description of new species of Ceryle. 8vo, T. 
The Author. 
Le Conte, Joseph. Sight: an exposition of the principles of monocular 
and binocular vision. 8vo, T. New York, 1881. 
I. V. Williamson Fund. 
Leidy, Jos. Remarks on Parasites and Scorpions. 8vo, T. 
An address on evolution and the pathological importance of lower 
forms of life. 12mo, T. 1886. The Author. 
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Lemoine, Er. Elevage des Animaux de Basse-Cour. 8vo, T. 
I. V. Williamson Fund. 
Lespiault, M. Rapport sur les orages de 1883 et 1884. 8vo, T. 
Society des Sciences physiques et naturelles de Bordeaux. 
Levasseur, E. L’Europe (moins la France) geographie et statistique. 
12mo. Paris, 1873. 
La France (avec ses colonies) géographie et statistique. 8me Ed., 
12mo. Paris, 1873. 
La Terra (moins l'Europe) géographie et statistique. 12mo. Paris, 
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Levasseur, E., and Ch. Perigot. Atlas de la Géographie physique, politique 
et économique. 8vo. Paris, 1873. Stuart Wood. 
Lewis, T. H. Effigy Mounds in Iowa. 8vo, T. 1885. The Author. 
Light House Board. Annual report for year ended June 30, 1885. 8vo. 
Treasury Department. 
Lindermeyer, A. Die Végel Griechenlands. 8vo. Passau, 1860. 
Natural History Society of Passau. 
Lonkaschewitch, Platon. Etymology of the Greek language. I, II. 
8vo, T. Kiew, 1872. 

Explanation of Assyrian Names. 8vo, T. Kiew, 1868. 

Etymology of the Hebrew Language. 8vo, T. Kiew, 1883. 

Etymology of the Latin Language. 8vo, T. Kiew, 1883. 

Imaginary Indo-Germanic World, or the true beginning and formation 
of language, German, English, French and other West-European 
languages. 8vo, T. Kiew, 1874. 

An Inquiry into the solar large year and the calculations of the year. 
8vo, T. Kiew, 1882. 

Explanation of the principal laws of the natural and descriptive 
microscopical astronomy and astronomical meteorology. I, II. (In 
Russian.) 8vo, T. Kiew, 1884-85. The Author. 

Liidors, Richard. Zur Kenntunisse der Undecolsiure. 8vo,'T. 1884. 
University of Wiirzburg. 
Lydekker, Richard. Catalogue of the fossil mammalia in the British 
Museum (Natural History). Part II. 8vo. London, 1885. 
The Trustees. 
McCormick, C. The Inclusions in the Granite of Craftsbury, Vt. 8vo, T. 
1886. The Author. 
MacGillivray, P. H. Royal Society of Victoria. Descriptions of new, or 
little known polyzoa. PartIX. 8vo, T. Feb. 8, 1886. The Society. 
MeMurrick, J. P. <A contribution to the embryology of the Prosobranch 
Gasteropods, n.d. 8vo, T. The Author. 
Macomb, M. M. Eng. Dep. U.S. A. Tables of geographic positions, 
azimuths and distances, 1883. 4to. Washington, 1885. 
The Department. 
Maes, Christian. Ein Beitrag zur Aetiologie der Myopie. Inaug.-Dissert. 
medicin. Facultit zu Kiel. 8vo, T. 1884. University of Kiel. 
Magnussen, Lorenzo. Beitriige zur Diagnostik und Casuistik der Actino- 
mycose, Inaug.-Dissert. medicin. Facul. in Kiel. 8vo, T. 1885. 
University of Kiel. 
Malchin, Joannes. De Choricii Gazaei veterum Grecorum scriptorum 
studiis. Dissert. inaug. Acad. Kiliensi. 8vo, T. 1884, 
The University of Kiel. 
Martens, E. von. Conchologische Mittheilungen, I, 5,6. 8vo. Wilson Fund. 
Martini und Chemnitz. Systematisches Conchylien-Cabinet. L. 335e-339e. 


Wilson Fund. 
Massachusetts. Report on a re-examination of the Economical Geology of, 
by E. W. Hitchcock. 8vo. Boston, 1838. In Exchange. 


Report of the Commissioners of the Zoological Survey of the State. 
8vo, T. Boston, 1838. In Exchange. 
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Melvill, J. Cosmo. Notes on the Subgenus Cylinder (Montfort) of Conus. 
8vo, T. London, 1886. The Author. 
Metzgar, Sigmund. Pyridin, Chinolin und deren Derivate. 8vo, T. 1885. 
Ueber Paradibromchinolin. 8vo, T. 1884. University of Wurzburg. 
Meyer, Wilhelm. Ein Beitrag zur Behandlung der Rachitis mit Phosphor. 
Inaug.-Dissert. medicin. Facultit zu Kiel. 8vo, T. 1885. 
University of Kiel. 
Meynert, Theodor. Psychiatry, a clinical treatise on diseases of the Fore- 
Brain based upon a study of its structure, functions and nutrition. 
Translated by B. Sachs, M.D. Part I. The anatomy, physiology 
and chemistry of the brain. 8vo. New York, 1885. 
I. V. Williamson Fund. 
Meyer, Otto. The Genealogy and Age of the species in the Southern Old- 
Tertiary. 8vo, T 
Insectivoren und Galeopithecus geologisch alte Formen. 8vo, T. 
The Author. 
Michigan. Commissioner of Mineral Statistics. Reports for 1880, 1881, 
1882, 1884. 8vo. The Author. 
Minnesota. Geological Reconnoissance of the northern, middle and other 
counties of. By Henry H. Eames. 8vo. 1866. 
J. Fletcher Williams. 
Mississippi. Report on the Geology and Agriculture of the State of Mis- 
sissippi, by Eugene W. Hilgard. 8vo. Jackson, 1850. In Exchange. 
Morlet, L. Diagnoses de Mollusques terrestres et fluviatiles du Tonkin. 
8vo, T. The Author. 
Morris, Charles. The relations of mind to matter. 8vo, T. 1885. 
The Author. 
Morse, Edw. 8. Ancient and modern methods of Arrow-release. Salem, 
1886. 8vo, T. 
Mueller, F. v. The plants of New South Wales according to the Census 
of 1885. 8vo. The Author. 
Nageli, C. v. and A. Peter. Die Hieracien Mittel-Europas, I, 1. 8vo. 
Miinchen, 1886. I. V. Williamson Fund. 
Nansen, Fridtjof. Bergens Museum. Bidrag til Myzostome.nes anatomi 
og histologi. 8vo. Bergen, 1885. The Museum. 
Nasse, Dietrich. Beitrage zur Anatomie der Tubificiden. Inaug.-Dissert. 
8vo, T. Bonn, 1882. I. V. Williamson Fund. 
Netto, Ladislau. Conférence faite au Muséum national en présence de 
L.L., M.M. Impériales le 4 Nov., 1884. 8vo, T. The Author. 
Lettre a Mons. Ernest Renan a propos de l’inscription Phénicienne 
apocryphe soumise en 1872 a V’institut historique, geographique et 
ethnographique du Bresil. Rio de Janeiro, 1885. 8vo, T. 


The Author. 
Neumann, C. Ueber die Kugelfunktionen Pn. and Qu. 8vo, T. Leipzig, 
1886. The Author. 


Newberry, J. 8. Earthquakes. 8vo, T. October, 1886. 
North America in the Ice Period. 8vo, T. New York, 1886. 
Notes on the geology and botany of the country bordering the North- 
ern Pacific Railroad. 8vo, T. 
Uneducated reason in the Cicada. 8vo, T. Jan., 1886. 
On the origin and drainage of the Basin of the Great Lakes. 8vo, T. 
Nov. 4, 1881. The Author. 
New Hampshire. Report of the Geological Survey of the State of, show- 
ing its progress during the year 1870. By C.H. Hitchcock. 8vo. 


Nassau, 1871. In Exchange. 
Annual reports upon the geology and mineralogy of. 1st, 2d, 1870, 1871 


and 1872. 8vo. Bound copy. C. H. Hitchcock. 
See Hitchcock, C. H. 
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New Jersey. First annual report of the Geological Survey of, for the year 
1854. 8vo. Trenton, 1855. 
Third annual report on the Geological Survey of, for the year 1866. 


8vo. Trenton, N. J., 1867. In Exchange. 
Geology of the County of Cape May, State of New Jersey. 8vo. 
Trenton, 1857. Dr. Chas. C. Abbott. 


Geological Survey of. Annual report of the State Geologist for the 
year 1885. 8vo. Trenton. 
Geological Survey. Maps, sheets 1, 9, 13, 17. The Survey. 
New South Wales. Australian Museum, report of the Trustees for 1884, 
1885. The Trustees. 
Depariment of Mines. Annual report for the year 1885. Sydney, 
1886. The Department. 
New York Free Circulating Library. 6th annual report. 8vo, T. 1885. 
The Author, 
New York. Geological Survey of. Palzontology, V, 1; Lamellibranch- 
iata, land Il. 4to. Prof. James Hall. 
A geological and agricultural survey of Rensselaer Co. By Amos 
Eaton. 8vo. 
A report of the Geological Structure of the County of Saratoga. By 
Dr. John H. Steel. 8vo. Pp. 44 84. 
State Museum of Natural History. 27th and 29th annual reports, 
1874, 1876. In Exchange. 
New Zealand. Colonial Museum and Geological Survey Depaitment. 
James Hector, Director. Manual of the New Zealand Coleoptera. 
By Capt. Thos. Broun. PartsII1 and IV. 8vo. 1886. The Survey. 
Indian and Colonial Exhibition, London, 1886. New Zealand Court, 
New Zealand Geological Survey Department. Detailed Catalogue 
and Guide to the Geological Exhibits. By James Hector. 8vo. 


Wellington, 1886. The Author. 
Nordenskiold, A. E. Vega-Expeditiones Vetenskapliga Jakttagelser, III. 
8vo. Stockholm, 1883. I. V. Williamson Fund. 


North Carolina. Geological and Natural History Survey of. Part III. 
Botany. By Rev. M. A. Curtis. 8vo. Raleigh, 1867. In Exchange. 

30th Congr. 2d Ses. Ex. Doc. No. 26. Senate. Report of the Secre- 
tary of the Navy communicating the report of officers appointed by 

him to make the examination of the iron, coal and timber of the 

Deep River country, in the State of North Carolina. required by a 


resolution of the Senate (Wilkes), 1886. 8vo. In Exchange. 
Nova Scotia. Report of the Department of Mines, for the year 1885. 8vo. 
Halifax, N. 8., 1886. The Department. 


Nyman, C. F. See Roth, E. 
Ohio. Report of the Geological Survey of. Vol. V, Economic Geology. 
8vo. Columbus, 1884. With Map. The Author (Edw. Orton . 
Oken, Lorenz. Elements of Physiophilosophy. By Lorenz Oken, M.D., 
from the German by Alfred Tulk. 8vo. London, 1847. Ray So- 
ciety. I. V. Williamson Fund. 
Omaha Public Library. The ninth annual report, May 31, 1886. 8vo, T. 
The Directors. 
Onufrowicz, Br. Experimenteller Beitrag zur Kenntniss des Ursprungs 
des Nervus acusticus des Kaninchens. 8vo. The Author. 
Orcutt, Chas. R. Notes on the mollusks of the vicinity of San Diego, 
Cal., and Todos Santos Bay, Lower California. 8vo. The Author. 
Osborn, Henry L. Development of the gill in Fasciolaria, 8vo, T. 


The Author. 
Owen, David Dale. Report of a geological reconnoissance of Indiana, 
Indianapolis, 1862. 8vo. In Exchange. 


Packard, A. 8. On the structure of the brain of the sessile-eyed Crustacea. 
8vo, T. The Author. 
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Paleontologie Francaise. ire ser., Ter. Jur. L. 79, 80, 81; Ter. Tert. I, f. 
1-9 ; Ter. Cret. L. 31 et 32. 2me ser. Veget. Ter. Jur. L. 31, 33, 34. 


Wilson Fund. 

Paleontographica. XXXII, 1-4; XXIII, 1-7; XXIV, 1; Suppl. I, 5, 6; 
II, I, 1; Title and Index to Vols. 13 and 19. Wilson Fund. 
Parker, G. H. On the morphology of Ravenelia glanduleformis. Sept. 
1886. 8vo, T. The Author. 
Parrish, 8. B. and W. F. Supplementary list of plants of Southern Cali- 
fornia. 8vo, T. The Author. 
Parry, C. C. Lastarriea, Remy, conformation of the genus, with char- 
acter extended. Noy. 1, 1886. 8vo, T. The Author. 
Peale, A.C. Mineral waters. 8vo, T. 1885. The Author. 


Pennsylvania, Second Geological Survey of. Annual report, 1885, with 
atlas. Grand atlas, Div. II, Part Il; Div. IV, Part I; Div. V, Part 
I. Reports of Progress R. R., Pt. Il; A. A., Atlas Pt. I, C. 5, Pt. 
TL 38: A. Ac ped Rep., Pt. L The Survey. 
Pennsylvania, Second Geological Survey of. Reports A. 2, 2d report of 
progress in the Anthracite coal region, Part I; Atlas to second 
middle Anthracite field. A. 2, Pt. I, C. 5, T. 3; Grand Atlas, Div. 
III, Pt. I. Annual report, 1885, with Atlas. Chas. M. Betts. 
Pennsylvania. Third annual report of the geological survey of the State 
of Pennsylvania, by Henry D. Rogers, State Geologist. Read in the 
Senate, Feb. 19, 1889. 8vo. Harrisburg. Geo. Vaux. 
Péres de la Compagne de Jésus. Mémoires concernant histoire naturelle 
de l’Empire Chinois. 3me Cahier. 4to. Chang-Hai, 1885. 
I. V. Williamson Fund. 
Phillips, George. The seaports of India and Ceylon, described by Chinese 
voyagers of the 15th century, together with an account of Chinese 
navigation. S8vo. 1885. Adele M. Fielde. 
Phillips, John. Manual of Geology theoretical and practical. Edited by 
Robert Etheridge and Harry Govier Seeley. I, II. 8vo. 
I. V. Williamson Fund. 
Plambeck, Christian. Ein Beitrag zur Statistik und Verbreitung der 
Tuberkulose im Alter von 16-90 Jahren. Inaug.-Dissert. medicin. 
Facultiét in Kiel. 8vo, T. 1885. University of Kiel. 
Poore, Ben. Perley. A descriptive catalogue of the Government publica- 
tions of the United States, Sept. 5, 1774—March 4, 1881. 4to. 
Washington, 1885. Hon. Chas. O’ Neil. 
Portugal. Delgado’s Etude sur les Bilobites. 1886. 4to. |The Author. 
Potts, Edw. Fresh-water sponges from Mexico. 8vo, T. | The Author. 
Prantl, K. Lehrbuch der Botanik fiir mittlere und héhere Lehranstalten. 


6e Aufl. 8vo. Leipzig, 1886. I. V. Williamson Fund. 
Prestwich, Joseph. Geology; chemical, physical and stratigraphical. Vol. 
. 8vo. Oxford, 1886. I. V. Williamson Fund. 
Prieto, C. F. de Landero y Ratil. Dinamica-Quimica. 8vo., T. Guada- 
lajara, 1886. The Author. 
Providence City Library. Catalogue, 1886. 8vo, T. The Librarian. 


Provident Life and Trust Company, mortality experience of the, 1866- 
1885. Prepared by Asa S. Wing. 8vo, T. 1886. The Company. 
Putnam, F. W. On Jadeite ornaments from Central America. January, 


1886. 8vo, T. The Author. 
Queen’s College and University, Kingston, Can., Calendar, 1885-86. 
8vo, T The Trustees. 


wi be 
Quelet, L. Enchiridion Fungorum in Europa media et presertim in 
Gallia vigentium. Lutetiz, 1886. 8vo. I. V. Williamson Fund. 
Quenstedt, Fried. Aug. Die Ammoniten des Schwiabischen Jura. H. 
8-12. Text and atlas. I. V. Williamson Fund, 
Rabenhorst, Dr. L. Kryptogamen-Flora. 2e Aufl., I, ler, Abth, 10-23 
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Lief; 2er Abth., 21-24; II; III, 1-8 Lief. ; IV, 1-4 Lief. 
I. V. Williamson Fund. 
Rach, Carl. Ueber die Einwirkung von nascirender Blausiure auf den 
Acetbernsteinsiiureeste. 8vo, T. 1885. University of Wiirzburg. 
Ramsay, E. P. Catalogue of the Echinodermata in the Australian 


Museum. PartI. 8vo. Sydney, 1885. The Trustees. 
Rath, G. von. Worte der Erinnerung an Professor Dr. A. von Lasaulx. 
8vo, T. 1886. 


Mineralogische Notizen, 1866: 1, Einige neue Flichen am Quarz; 2, 
Ueber den Andesin vom Berge Arcuentu, Insel Sardinien. 8vo, T 
1886. 

Vortriige und Mittheilungen. Bonn, 1886. 8vo, T. Jan. 11-Juli 7. 

Ueber den Ausbruch des Tarawera auf Neu-Seeland. 10 Juni, 1886. 


8vo, T. The Author. 
Mineralogische Mittheilungen, n. F. 22. Quarze aus Burke County, 
Nord-Carolina. 8vo, T. Dr. F. A. Genth. 


Ratte, A Felix. Descriptive Catalogue (with notes) of the general collec- 
tion of minerals in the Australian Museum. Sydney, 1885. 8vo, T. 
The Trustees. 
Ray, Lieut. P. H. Report of the International Polar Expedition to Point 
Barrow, Alaska, 1885. War Department. 
Rayet, M. Observations pluvismétriques et thermométriques faites dans 
le departement de la Gironde de Juin 1883 4 Mai1884, 8vo, T. 
The Author. 
Reher, Heinrich. Beitrage zur Casuistick der Oesophagus-Erkrankungen, 
Inaug.-Dissert. medicin. Facultaét zu Kiel. 8vo, T. 1885. 
University of Kiel. 
Renevier, E. Résultats Scientifiques du Congrés géologiques international 
de Berlin. 8vo, T. Lausanne, 1886. The Author. 
Richon, Charles et Ernest Roze. Atlas des Champignons comestibles et 
vénéneux de la France et des Pays circonvoisins. le Fasc. 
I. V. Williamson Fund. 
Richter, P. E. Verzeichniss von Forschern in Wissenschaftlicher Landes 
und Volkskunde Mittel Europas. 8vo, T. Dresden, 1886. 
Geographical Socieiy of Dresden. 
Riedel, Otto. Die monadologischen Bestimmungen in Kants Lehre vom 
Ding au Sich. Inaug.-Dessert. philos. Fakultat der Chris.-Alb. 
Univer. zu Kiel. 8vo, T. 1884. The University of Kiel. 
Riley, C. V. Annual address, as President of the Entomological Society 
of Washington for the year 1884. 8vo, T. 
The Mildews of the Grape-Vine. An effectual remedy for Perono- 
spora. 8vo, T. February 6, 1886. The Author. 
Roberts, W. Wilson. Relatorio sobre o exame do Rio 8. Francisco desde 
o Mar Até a Cachoeira de Pirapéra feito em 1879-1880. 1880. 


Ato, T. Prof. O. A. Derby. 
Rogers, Henry Raymond, A new philosophy of the Sun. S8vo, T. 
Buffalo, 1886. The Author. 


Romanowsky, H. D. Materials for the geology of Turkestan. 4to. 1884, 
Imp. Russian Geographical Society. 
Rossmiissler’s Iconographie der Europaischen Land und Susswasser- 


Mollusken, n. F., I, 1-4. Wilson Fund. 
Roth, E. Additamenta ad Conspectum Flore Europe editum a. Cl. 
C. F. Nyman. Berlin, 1886. I. V. Williamson Fund. 


Roumania. Ministerult Lucrarilort publice. Anuarulti Biuroulti Geo- 
logici. Amnulii 1883-1884, No. 2. An. II, 1884, No. 1. Ed. Fran- 
caise 1882-83, Nos. 1, 2.° 

Harta Geologica generala a Romaniei, sub-directuinea domnului Gr. 
Stefanescu. Judetele, Mehedintt Gorjit, Vilcea (parte), Doljit 
(parte). 4to. Sheets 7-9. The Survey. 
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Royal College of Surgeons of England. Descriptive Catalogue of the 

Pathological Specimens contained in the Museum of. 2d Edition, 

iv. 8vo. 1885. The Council. 
Rickert, J. Zur Keimblattbildung bei Selachiern. 1885. 

I. V. Williamson Fund. 

Ruschenberger, W. 8. W. Sketch of the life of Robert E. Rogers, M. D., 

LL. D., with biographical notices of his father and brothers. 8vo. 

The Author, 

Russ, Karl. Die fremdlindischen Stubenvogel, IV, 7. 8vo. Magdeberg, 

1886. I. V. Williamson Fund. 

Ryder, John A. Observations on the absorption of the yelk, the food, 

feeding, and development of embryo fishes, comprising some investi- 

gations conducted at the Central Hatchery, Armory Building, 

Washington, D. C., in 1882. 8vo, T. 1883. 

Embiyology. Reviews from the American Naturalist, June, July, 
Aug. and Sept., 1886. 8vo, T. 

On the value of the fin-rays and their characteristics of development 
in the classification of the fishes, together with remarks on the 
theory of degeneration. 1886. 8vo, T. 

On the development of osseous fishes, including marine and fresh-water 
forms. 8vo, T. Washington, 1886. 

An exposition of the principles of a rational system of oyster culture, 
together with an account of a new and practical method of obtain- 
ing oyster sprat on a scale of commercial importance. 8vo, T. 
Washington, 1886. The Author. 

Sabrin, Celen. Science and Philosophy in Art. 8vo, T. Philadelphia, 
1886. The Author. 
Saccardo, P. A. Sylloge Fungorum omnium hucusque cognitorum. Vol. 
IV. Hyphomycetes. 8vo. Patavii, 1886. I. V. Williamson Fund. 
Sachs, Julius. Vorlesungen ttber Pflanzen-Physiologie. 8vo. Leipzig, 
882. I. V. Williamson Fund. 
Saint-Lager, Dr. Histoire des Herbiers. 8vo, T. Paris, 1885. 
The Author. 
Sargent, C. S. Some additional notes upon trees and tree planting in 


Massachusetts. 8vo, T. Boston, 1886. The Author, 
Schiff, Ernst. Untersuchungen iiber das Integument der Lophobranchier. 
Inaug.-Dissert. Kiel, 1886. 8vo, T. I. V. Williamson Fund. 


Schaffranek, Dr. The Flora of Palatka and Vicinity. 8vo, T. 
The Author. 
Schmidt, Adolf. Atlas der Diatomaceen-Kunde. H, 23-26, 
I. V. Williamson Fund. 
Schomburgh, R. South Australia. Report on the progress and condition 
of the Botanic Garden and Government Plantations during the year 


1885. 4to. Adelaide, 1886. The Author. 
Schottlinder, P. Uber das salpetersaure-Goldnitrat und einige neue 
Derivate desselben. 1884. 8vo, T. University of Wirzburg. 


Schrader, Ludwig. Ueber Isopropylderivate des Pyridins und Reduction- 
sproducte derselben. Inaug.-Dissert. philosoph. Facultat in Kiel. 


8vo, T. 1884. University of Kiel. 
Schiibeler, F.C. Viridarium Norvegicum. iste Bind. 4to. Christiania, 
1885. University of Christiania. 


Schweizerische Geoditische Commission Das Schweizerische Dreiecknetz. 
II. Band, Die Netzausgleichung und die Auschlufsnetze der Stern- 
warten und astronomischen Punkte. Ziirich, 1885. 

The Commission. 

Scudder, Newton Pratt. Bibl. of Am. Naturalists. II, The published 
writings of Isaac Lea, L,L. D. (Bul. U. S. Nat. Mus. 23). 8vo, T. 
Washington, 1885. Isaac Lea. 
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Scudder, 8. H. Memoir of John Lawrence LeConte, 1825-1883. 8vo, T. 
Washington, 1884. 

Systematische Uebersicht der fossilen Myriopoden, Arachnoideen und 
Insekten. 8vo. Miinchen und Leipzig, 1885. 
The cockroach of the past. 8vo, T. London, 1886. The Author. 

Second Yarkland Mission. Scientific results. Araneidea, by Rey. O. P. 
Cambridge. Memoir of Frederick Stoliczka, by V. Ball. 

East Indian Government. 

Seebohm, Henry. A history of British Birds, Part VI. 8vo. 

I. V. Williamson Fund. 

Seemann, Berthold. Reise um die Welt. Two volumes in one. 8vo. 
Hanover, 1853. Thos. Meehan. 

Selenka, E. Studien tiber Entwickelungsgeschichte der Thiere. 4es H. 
le Hilfte. Das Opossum. 4to. Wiesbaden, 1886. 

I. V. Williamson Fund. 

Semper, C. Reisen im Archipel der Philippinen. 2er Th. II, Suppl. H. 3. 
lesen 7 UN. Vist. 

Severin, Fried. Untersuchungen tiber das Mundepithel bei Saiugethieren 
mit Bezug auf Verhornung. Regeneration und Art der Nerven- 
endigung. Inaug.-Dissert. medic. Facultiit zu Kiel. 8vo, T. 1885. 

University of Kiel. 

Shepherd, Francis J. Sketch of the early history of anatomy. 8vo, T. 
1885. The Author. 

Silliman, B., Jr. A description of the recently discovered petroleum region 
in California. 8vo, T. New York, 1865. Wn. John Potts. 

Simpson, George B. Anatomy and Physiology of Anadonta fluviatilis. 
8vo, T. Albany, N. Y., 1884. James Hall. 

Socoloff, A. Sur la queue du I Type de la Cométe de 1858. 8vo, T. 1884. 

The Author. 

South African Museum, Cape Town. Report of Trustees. 4to. 1885. 

The Trustees. 

Sowerby, G. B. Thesaurus Conchyliorum, or figures and descriptions of 
recent shells. Pait XLIII, 1886. 

Spelsberg, Eduard. Weitere Untersuchungen iiber Alpha-Aethyliden- 


Valerolakton. 8vo, T. 1884. University of Wurzburg. 
Stahr, J. 8. Local Geology. Plant impressions in slate. 1886. News- 
paper slip. The Author. 
Standaid Natural History, Parts 53-60. I. V. Williamson Fund. 


Stelzner, Alfred. Beitrage zur Geologie und Paleontologie der Argentini- 
schen Republik. I Geologischer Theil. 8vo. Cassel u. Berlin, 1885. 


The Author. 
Stirling, James. Royal Society of Victoria. The Cryptogamia of the Aus- 
tralian Alps. PartI. 8vo. December 9, 1885. The Society. 


Stockton-Hough, John, M. D. The influence of sex of fetus-in-utero on 
length of intergestation period immediately following its birth. 8vo, 


T. New York, 1886. The Author. 
Streeter, Edwin W. Precious Stones and Gems. 4th Ed. 8vo. London, 
1884 I. V. Williamson Fund. 


Surgeon General’s Office, U.S. Army. Index-Catalogue, VII. 4to. 1886. 
War Departm: nt. 
Sweden. Sveriges Geologiska Undersékning. Afhandlingar och uppsatser. 
(Ser. Aa. Nos. 87, 93, 95, 96. Ab. 8, with maps). SerC. Nos. 
67-77. The Survey. 
Syrotka, Radislav. Expedition to the Holy Land. 8vo. 1582-1584. 
Imp. Russian Geographical Society. 
Taczanowski, L. Ornithologie du Pérou. Tome 3me. 8vo. Remus, 
1886. Tables, 1886. I. V. Williamson Fund. 
Taylor, Henry D’Esterre. Royal Society of Victoria, International 
statistical uniformity. 8vo, T, Dec. 12, 1885. The Society. 
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Taylor, Thos. The crystals of butter and fat. 8vo, T. 1885. TheAuthor. 
Teall, J. J. Harris. British Petrography. Pts. 1-8. I. V. Williamson Fund. 
Thomson, John H. The Land Mollusca of Bristol County, Mass. 8vo, T. 
Oct., 1885. The Author. 
Thiirach, Hans. Ueber das Vorkommen mikroskopischer Zirkone und 
Titan-Mineralien in den Gesteinen. 8vo, T. 1884. 
University of Wurzburg. 
Tillo, Alexis. Report on the Aralo-Kaspic Leveling, made in 1874, 1877. 
8vo. Imp. Russian Geographical Society. 
Tischner, Aug. The fixed idea of astronomical theory. 8vo. 1885. 
The Author. 
Townsend, Chas. H. An account of recent captures of the California Sea- 
elephant and statistics relating to the present abundance of the 
species. 8vo, T. 1885. The Author. 
Tracy, 8. M. Catalogue of the phenogamous and vascular eryptogam- 
ous Plants of Missouri. 8vo, T. Jefferson City, 1886. The Author. 
Tryon, Geo. W., Jr. Manual of Conchology; structural and systematic. 
Pts. 29-32 6 ; 2d ser., Pts. 5-8. The Author. 
Turkestan Russe. Romanovsky and Mouchketow’s Carte Géologique, edi- 
tion 1885. Six sheets in folio. The Geological Survey of Russia. 
Uhlworm, O., und F. H. Haenlin. Bibliotheca Botanica, H. 1. 4to. 
Cassel, 1886. I. V. Williamson Fund. 
Ulrich, E. O. Contributions to American Paleontology. Vol. I, 8vo. 
1886, The Author. 
United States Civil Service Commission. 8d annual report, Jan. 16, 1885— 
Jan. 16, 1886 (8d Ed.). 8vo. Washington, 1886, The Commission. 
United States Coast and Geodetic Survey Report, fiscal year ending June, 
1884. 8vo. Treasury Department. 
United States Commission of Fish and Fisheries. The fisheries and fishery 
industries of the United States....By George Brown Goode. Sec- 
tion I, text and plates. 2 vols., 4to. Washington, 1884. 
Report for 1883. 8vo. Washington, 1885. The Commission. 
United States Department of Agriculture. Division of Entomology. In- 
sects affecting the Orange. By H.G. Hubbard. 8vo. Washington, 
1885. The Department. 
United States Geological Survey. J. W. Powell, Dir. Mineral Resources 
of the United States. Calendar years 1883 and 1884. Albert J. 
Williams, Jr. 8vo. Washington, 1885. ) 
Monographs, Vol. IX. Whitfield’s Brachiopoda and Lamellibran- 
chiata of the Raritan Clays and Greensand Marls of New Jersey. 
4to. 1885. 
Bulletin, Nos. 7-29. 
5th annual report. Department of the Interior. 
United States. Tenth Census of. Vols. XIII, XIV, XVI, Pt. 1, XX. 4to. 
Department of the Interior. 
United States. Joint Commission to consider the present organizations of 
the signal service, geological survey, coast and geodetic surveys, and 
the hydrographic office of the Navy Department. Testimony before 


the. 8vo. Washington, 1886. Hon. Chas. O’ Neill. 
United States. War Department. Weather Maps, 1886. Jan. 6, 3 P. M., 
to Jan. 10,11 P.M. 14 maps. The Department. 
University of Kiel. Eighty literary, medical and scientific theses, 1885-6. 
8vo. The University. 
University of Pennsylvania. Annual reports of the Provost and Treasurer, 
October 1, 1885. 8vo. Philadelphia, 1886. The Trustees. 
University of Wiirzburg. Twenty-six medical and chemical theses. 8vo. 
1885-6. The University. 


Velenovsky, Josef. Die Gymnospermen der béhmischen Kreideformation. 
4to. Prag,-1885. The Author. 
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Verrill, A. E. Results of the explorations made by the steamer Albatross 
off the northern coast of the United States in 1883, 8vo. Wash- 
ington, 1885, The Author. 

Vines, 8. H. Lectures on the physiology of plants. 8vo. Cambridge, 

1888. I. V. Williamson Fund. 

Vogdes, Anthony W. Description of a new Crustacean from the Clinton 
Group of Georgia, with remarks upon others. 8vo, T. New York, 
1886. The Author. 

Wachsmuth, C., and F, Springer. Revision of the Paleocrinoide. Pt. 
III, 2d Section. 1886. Same, Pts. I; II; III, 1st Section and 
Index. 8vo. The Authors. 

Wahnschaffe, F. Die Susswasser-Fauna und Susswasser-Diatomen-Flora 
im unteren Diluvium der Umgegend von Rathenow. 8vo, T. 1885. 

The Author. 

Wakker, J. H. Algemeine Vereeniging voor Bloembollencultuur te Haar- 
lem. Onderzock der Ziekten van Hyacinthen en andere Bol- en 
Knolgewassen. Verslag over het Jaar, 1884. The Society. 

Wattebled, G. Description de Mollusques inédits de V Annam, récolte du 
Capitaine Dorr, aux environs de Hué. 8vo, T. 1886. 

Weber, Carl Ludwig. Ueber galvanische Leitungsfahigkeit im zusam- 
menhang mit der Veranderlichkeit der Structur. 8vo, T. 

University “of Wirzburg. 

Weiler, Julius. Die Bildungsanomalien der Nebennieren und deren path- 
ologische Bedeutung. Inaug.-Dissert. medicin, Fakultaét in Kiel. 
8vo, T. 1885. University of Kiel. 

Weinnoldt, Ernst. Ueber Funktionen welche gewissen Differenzengleich- 
ungen n. Ordnung Geniige leisten. Inaug.-Dissert. phil. Fakult. 
z. Kiel. 8vo, T. 1885. University of Kiel. 

Westerlund, Carl Agardh. Fauna der paliarctischen Region lebenden 
Binnenconchylien. I, IV, V. 

Fauna Europza Molluscorum Extramarinorum prodromus. Fasc. 
1, 2. Lunde, 1876-78. I. V. Williamson Fund. 

Wheeler, Geo. M. See International Geographical Congress and Exhibition. 

White, Chas. A. Report on the Geological Survey of the State of Iowa. 
Vols. [and II. 8vo. 1870. In Exchange. 

Whiteaves, J. F. Geol. and Nat. Hist. Surv. of Canada. Contributions 
to Canadian Paleontology. Vol.I, Part1. 8vo. 1885. The Author. 

The same. The Survey. 

Whitfield, Robert P. Geol. Surv. of N. J. Brachiopoda and Lamelli- 
branchiata of the Raritan Clays and Greensand Marls of New 
Jersey. Ato. Geo. H. Cook. 

Monogr. U. 8. Geol. Surv. TX. Brachiopoda and Lamellibranchiata of 
the Raritan Clays and Greensand Marls of New Jersey. 4to. 1885. 
Department of the Interior. 

Wiedersheim, R., and W. N. Parker. Elements of the comparative ana- 
tomy of vertebrates. 8vo. London, 1886. I. V. Williamson Fund. 

Williams, Alb., Jr. U. 8. Geol. Surv., Mineral Resources of the United 
States, 1883 and 1884. 8vo. Department of the Interior. 

Williams, 8. G. Applied Geology. 8vo. New York, 1886. 

I. V. Williamson Fund. 

Wislicenus, Wilhelm. Ueber die Einwirkung von Cyankalium auf Phtalid, 


8vo, T. 1885. University of Wiirzburg. 
Wood, Robt. W., M.D. Memorial of Edward Jarvis, M.D. 8vo, T. 
"Boston, 1885. Am. Statistical Ass, 


Woodhead, G. Sims and Arthur W. Hare. Pathological Mycology. Sec- 
tion I, Methods. 8vo. Edinburgh, 1885. I. V. Williamson Fund. 
Wortman, Jacob L. The Comparative anatomy of the teeth of the verte- 
brata. Svo. 1886. The Author, 
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Wright, Carroll D. A manual of distributive co-operation. 8vo,T. 1885. 
The Author. 

Yale College, catalogue of the officers and students. 8vo, T. 1885-86. 
The Trustees. 

Zigno, Achille de. Flora fossilis formationis oolithice, II, 2-5. 

I. V. Williamson Fund. 
Zimmermann, Dr. O. BE. R. Atlas der Pflanzenkrankheiten welche durch 
Pilze hervorgerufen werden. H. 2-4. I. V. Williamson Fund. 
Zincken, C. F. Die Fortschritte der Geologie der Tertiirkohle, Kreidec- 
kohle, Jurakohle und Triaskohle oder Erginzungen zu der Physio- 
graphie der Braunkohle. 8vo. Leipzig, 1878. The Author. 
Zittel, Karl A. Handbuch der Paleontologie. I Abth. II Bd., 4. und 5. 
L. I. V. Williamson Fund. 
See Paleeontographica. 
Zoologisches Station von Neapel. Fauna und Flora des Golfes von Neapel 
und der angrenzenden Meeres-Abschnitte. XIII. Monog. 4to. 


1885. I. V. Williamson Fund. 
Zwanziger, Georg. Ueber Sulfo-phenylamidoessigsiure und Phenylimido- 
essigsiure. 8vo, T. 1885. University of Wurzburg. 


JOURNALS AND PERIODICALS. 


Adelaide. Royal Society. Transactions, VIII. Society. 
Albany. New York State Museum of Natural History. Annual Reports, 
33d-88th. Preliminary Notice of Lamel. Shells, I (from 35th Rep.). 

The Trustees. 

Alnwick. Berwickshire Naturalists’ Club. Proceedings, X, 3. Society. 


Altenburg. Mittheilungen aus dém Osterlande. N. F., II. Editor. 
Amsterdam. Het Genootschap Natura Artis Magistra. Bijdragen tot de 
Dierkunde, 3, 4, 12 and 13 Afi. Society. 


K. Akademie van Wettenschappen. Verslagen en Mededeelingen, 
Afd. Letterkunde, 3 R. II D. Afd. Natuurkunde, 2 R. XX. 
Jaarboek, 1884. Verhandelingen, D. XXIV; Afd. Letterkunde, Deel 


XVI. Processen Verbaal, Afd. Natuurkunde, 1885. Society. 
Angers. Société d’Etudes scientifiques, 14me Année, Society. 
Société nationale d’ Agriculture, Sciences et Arts. Memoires, eatin 
ociety. 

Anvers. Société Royale de Géographie. Bulletin X, 3-6; XI, 1, 2. 
Memoires, III. Society. 
Auch. Société Francaise de Botanique. Revue de Botanique, Nos. 
41-48, Society. 
Augsburg. WNaturhistorischer Verein, 28er Bericht. Society. 
Auxerre. Société des Sciences historiques et naturelles de |’ Yonne. 
Bulletin, XXXIX, 2; XL. Society. 


Baltimore. American Chemical Journal, VII, 4—VIII, 5. 
Johns Hopkins University. 
American Journal of Mathematics, pure and applied. VIII, 2-IX, 1. 
Johns Hopkins University. 
Johns Hopkins University. Studies from the Biological Laboratory, 


Ill, 5-8. University circulars, Nos. 45-53. The University. 
Peabody Institute, 19th annual report. The Trustees. 
Barcelona. Real Academia de Ciencias Naturales y Artes. Acta, 20 Die. 
1885. Society. 


Basel. Naturforschende Gesellschaft. Verhandlungen, VII, 3. Society. 
Schweizerische paliontologische Gesellschaft. Abhandlungen XII. 

I. V. Williamson Fund. 

Batavia. Natuurkundig Vereen in Nederlandsch Indie. Natuurkundige 
Tijdschrift yoor Nederlandsch Indie, 8e Ser. VI, 3-VII, 1. Society. 
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Bath. Postal Microscopical Society. Journal of Microscopy and Natural 


Science. Nos. 1-20, vols. I-V. Society. 
Belfast. Naturalists’ Field Club. Annual Report, II, 5. Society. 
Bergen. Bergens Museum. Aarsberetning, 1885. The Director. 


Berlin. Archiv fiir Naturgeschichte, 5ler Jahrg. 2-4, 6; 52er Jahrg. II, 2. 
Botanischer Jahresbericht (Just) X, 2 Abth., 2 "HL XI, Abth. 1 and 


aH.2 2 Abth., 1H. T. V. Williamson Fund. 
Deutscher Fischerei-Verein. Haupt-Sachregister, 1886, No. 4. Mitt- 
heilungen, 1886, Nos. 6-9. Society. 
Deutsche geologische Gesellschaft. Zeitschrift, XXXVII, 3- 
XXXVIII, Society. 
Pee anlocicnes Verein. Deutscke entomologische Zeitschrift, 
XXIX, HEN IOK, ie Society. 
Entomologischer Verein in Berlin. Berliner entomologische Zeit- 
schrift, X XIX, 2. Society. 
Gartenflora, XXXIV, 1-3, 5-7. Thos. Meehan. 
Garten-Zeitung (Wittmack), IV, 1-52. Editor. 
Gesellschaft Naturforschender Freunde. Sitzungs-berichte 1885, Nos. 
8-10; 1886, Nos. 2-8. Society. 
Jahrbucher fiir wissenschaftliche Botanik Sears XVI, 3- 
XVII, 3. I. V. Williamson Fund. 
Nature Novitates, 1885, No. 22; 1886, No. 22. The Publishers. 


K. Preussische Akademie der Wissenschaften. Abhandlungen, physi- 
kalische, 1885. Anhang zur Abhandlungen, 1885. Sitzungsber- 


ichte, 1885, Nos. 1-52 ; 1886, Nos. 1-39. Society. 
Der Naturforscher, XVI, 27-39 : XVIII, 27-52. Editor. 
Repertorium fiir Anatomie und Physiologie (Valentin), I, 1836-VIII, 
1843. I. V. Williamson Fund. 
Naturforschende Gesellschaft. Mittheilungen, Nos. 1092-1101, 1103- 
1142. Society. 


Besancon. Académie des Sciences, Belles Lettres et Arts, 1884. Society. 

Birmingham. Philosophical Society. Proceedings, IV, 2; VI, 1. Society. 
Bonn.- Archiv fiir mikroskopische Anatomie, XXV, 4-X XVII, 4, 

I. V. Williamson Fund. 

Naturhistorischer Verein. Verhandlungen, XLII, XLII. Society. 

Bordeaux. Académie nationale des Sciences, Belles-Lettres et Arts. 

Actes, 8e Ser. XLIV, XLV. Recueil des Actes, XLVI, 1-4. Society. 


Société Linnéenne. Actes, XX XVIII. Society. 
Société des Sciences physiques et naturelles. Mémoires, 3e Ser. I; 

if A. Society. 
Boston. American Academy of Arts and Sciences. Proceedings, XXI. 
1and2. Memoirs, XI, Pt. 3, Nos. 2-4. Society. 


Commissioners of Inland Fisheries, 20th annual report. 
The Commissioner, 
Library notes (Dewey). I, 1, The Editor. 
Society of Natural History. Tue Ill, 12 and 13. Proceedings, 
XXIII, pp. 193-304. 
Braunschweig. Archiv fiir Anthropologie, XVI, 1-3. 
I, V. Williamson Fund. 
Naturwissenschaftliche Rundschau, I, 1-47. The Editor. 
Zeitschrift fiir wissenschaftliche Mikroskopie, II, 3—III, 2. 
I. V. Williamson Fund. 
Bremen. Naturwissenschaftlicher Verein. Abhandlungen, IX, 2, 3. 
The Society. 


Bristol. Naturalists’ Society. Proceedings, V, 1. The Society. 
Brockport. The Naturalists’ Companion, I, 12. The Editor. 
Brooklyn. Entomologica Americana, I, 9—II, 8. The Editor, 


Library Bulletin of new books, No. 24. Annual report, 28th. 
The Librarian, 
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Brookville. Society of Natural History. Bulletin No. 2. The Society. 

Brinn. K.K. Mahrisch-Schlesische Gesellschaft zur Beforderung des 
Ackerbaues, der Natur- und Landeskunde. Mittheilungen, 1885. 

The Society. 

Naturforschender Verein. Verhandlungen, XXIII, 1, 2. Bericht 


der meteorologischen Commission, 1883. The Society. 
Bruxelles. Académie Royale des Sciences, des Lettres et des Beaux-Arts. 
Annuaire, 1886. Bulletin, 3e ser. X, 9—XI, 8. The Society. 


Musée Royale d’Histoire Naturelle de Belgique. Bulletin, IV, 1-3. 
The Director. 

Société Royale de Botanique. Bulletin, XXIV; XXV, 1. The Society. 

Société Belge de Microscopie. Bulletin, XII, 1-10. 

Société Entomologique de Belgique. Comptes-Rendus, ser. 3me, 


Nos. 61-68. The Society. 
Société Belge de Geographie, 1885, No. 4—1886, No.1. Procés-Verbaux 
Aout, 1885—Jul. 4, 1886. The Society. 


Buda-Pest. Tudomanyos Akademia. Almanach, 1885. Ertekezesek a 
mathematikai Tudomanyok Ké6rébol, XI, 1-9 ; Természettudoman- 
yok Korébol, XIV, 1-8; Légtiineti Eszleletek, Il K.; Mathematikai 
es Természettudomanyi Ertesité, III, 1-5. ‘Mathematikai es Ter- 
mészettudomanyi Koézlemények Vonatkozolag a hazai Viszonyokra 
XVIII, XTX. Mathematische und naturwissenschaftliche Berichte 
aus Ungarn, II. ILL. Osztalyanak Kiilon Kiadoanya, 1884,. IT. 

The Society. 

Ungarischer Landes-Gartenbauverein. Gedenkenblatt, len, 1886. 
The Society. 
Ungarisches National-Museum., Természetrajzi Fiizetek, IX, 3—X, 
2. Gazette de Hongerie II, 27-82. The Director. 
Buenos Aires. Sociedad Gientifica Argentina, Anales, XX, 1—XXII, 3. 
The Society. 
Sociedad Geografica Argentina. Revista, III, 33—IV, 39. The Society. 

Buffalo. Society ‘of Natural Sciences. Bulletin, V, 1and2. The Society. 

Caen. Académie nationale des Sciences, Arts et Belles-Lettres. Mémoires, 
1885. The Society. 

Calcutta. Asiatic Society of Bengal. Journal LIV, Pt. 1, No. 3, Pt. 2, 
No.3; LY, Pt. 2, Nos. 1 and 2. Proceedings, 1885, Nos. 6-10 ; 


1886, Nos. 1-38, 5-7, "The Society. 
Cambridge, Mass. Appalachian Mountain Club. Appalachia, IV, 38. 
The Society. 


Harvard University. Library Bulletin, Nos. 33-35. The Librarian. 
Museum of Comparative Zoology. Report, 1885-86. Bulletin XII, 


2-6. Memoirs X, 2. The Director. 
Peabody Museum of American Archeology and Ethnology, 18th and 
19th annual reports. The Director. 
Cambridge, England. University. Studies from the Morphological La- 
boratory I, 1, 2; Il, 1 The University. 
Canada. Royal "Society. Ete and Transactions, 1885, II. 
The Society. 
Cape Town. South African Philosophical Society. Transactions III, 
1.2: The Society. 
Cap Rouge. Le Naturaliste Canadien, XV, 2—XVI, 5. The Editor, 
Cardiff. Naturalists’ Society. Report and Transactions, XVI. 
The Society. 


Catania. Academia Gioenia di Scienze Naturali. Atti, 3e Ser., XVIII. 
The Society. 
Cassel. Malakozoologische Blatter, N. F., II, vay 1—IX, 1. 
I. V. Williamson Fund. 
Verein fiir Naturkunde. Festschrift fiir pOjahr. Jubil, The Society. 
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Charleston. Elliott Society of Science and Art. Proceedings, II, pp. 


41-80. The Society. 
Chicago. Academy of Sciences. Bulletin I, 6. The Society. 
American Antiquarian, VII, 6—VIII, 6. The Editor. 


Historical Society. Constitution and By-laws, 1885-6. The Librarian. 
Christiania. Archiv for Mathematik og Naturvidenskab, X, 3, XI, 4. 
The Editor. 
Norwegisches Meteorologisches Institut. Jahrbuch, 1882-84. 
The Institute. 
Nyt Magazin for Naturvidenskaberne, XXVIII, 2; XXX, 2. 
The Editor. 
Videnskab-Selskab. Forhandlingar, 1885. The Society. 
Cincinnati. Society of Natural History. Journal, VII, 4-IX, 3. 
The Society. 
Copenhagen. K. D. Videnskabernes Selskab. Oversigt, 1885, No. 3; 
1886, Nos. 1, 2. Skrifter, 6e, R. II, 8,9, 10; II, 1-3. The Society. 
Société Royale des Antiquariesde Nord. Tillaeg, 1885. The Society. 
Botaniske Forening. ‘Tidsskrift, XV, 1-4. Meddelelser, 1886, Nos. 


8, 9. The Society. 
Cordoba, Academia nacional de Ciencias exactas. Actas, V, 2. Boletin, 
II, 2-4. The Society. 


Crawfordsville. Botanical Gazette, X, 12-XI, 11; Index to Vols. I-X. 
The Editor. 
Danzig. Naturforschende Gesellschaft. Schriften, N. F., VI, 2. 
The Society. 
Davenport. Academy of Natural Sciences. Proceedings, TV. The Society, 
Denver. Colorado Scientific Society. Proceedings, II, 1. The Society, 
Dijon. Académie des Sciences, Arts et Belles-Lettres, Mémoirs, 1883-84. 
The Society. 
Dorpat. Naturforsher Gesellschaft. Sitzungsberichte, VII, 2. Archiv 
fiir die Naturkunde Liv-Ehst und Kurlands, 2e Ser., X, 2, 3. 
The Society. 
Dresden. K. Leop.-Carol.-Deutscher Akademie der Naturforscher. 
Nova Acta, XLVII and XLVIII. Leopoldina, H. 20, 21. 
The Society. 
K. mineralogisch-geologisches und prehistorisches Museum. Mitt- 


heilungen, 6es, H. The Director. 
Naturwissenschaftliche Gesellschaft Isis. Sitzungsberichte und Ab- 
handlungen, 1885 and 1886, Jan.—June. The Society. 
Verein fiir Erdkunde. Jahresbericht, X XI. The Society. 
Dublin. Royal Dublin Society. Proceedings, IV, 7, 8,9; V, 1,2. Trans- 
actions, III, 7-10. The Society. 


Royal Geological Society of Ireland. Journal, XVI, 3; XVII, 1. 
The Society. 
Royal Irish Academy. Proceedings, Science, Ser., IT, Vol. 14, Nos. 
3 and 4; Polite Literature and Antiquities, Ser. II, Vol. 2, No. 6; 
Todd Lecture Series, Vol. 2, Pt. 1. Transactions, XXVIII, 17-20. 
The Society. 

Dunedin. New Zealand Journal of Science, I, 1, 3-12; IT, 1-12. 

In exchange. 
Edinburgh. Botanical Society. Transactions and Proceedings, XV, 2; 


XVI, 2. The Society. 
Royal Physical Society. Proceedings, 1884-85. The Society. 
Scottish Naturalist, new series, Nos. 11-13. The Editor. 


Emden. Naturforschende Gesellschaft, 70er. Jahresbericht. The Society. 
Erlangen. Biologisches Centralblatt, I-VI, 17. I. V. Williamson Fund. 

Physikalisch-medicinische Societat. Sitzungsberichte, H. 17. 
The Society. 
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Florence. R. Accademia Petrarca di Scienze, Lettere et Arti in Arezzo. 
Pellizzari, Archivio, 1881. Rovighi e Santini, Sulle Convulsioni 


epilettiche, 1882. The Society. 
Florence. Biblioteca Nazionale Centrale. Bollettino, 1886, Nos. 1-21. 
The Library. 


Nuovo Giornale Botanico Italiano (Caruel), XVII, 1-4, The Editor. 
Societa Entomologica Italiana. Bollettino, XVII, 3, 4; XVIII, 1, 2 


and 3. The & Society. 
Societa Italiana di Antropologia, Etnologia e Psicologia comparata. 
Archivio, XIV, 1, 2; XV, 1-3; XVI, te The Society. 


Folkestone. Natural History Society. 2d Series, Oct., 1884. Jan., 1886. 

The Society. 

France. Association Francaise pour l’ Avancement des Sciences. Comptes- 

Rendus, 1884. The Society. 
Frankfurt a. M. Aerztlicher Verein. Jahresbericht, XXVIII. 

The Society. 

Deutsche malakozo9logische Gesellschaft. Nachrichtsblatt, 1885, Nos. 

1-12; 1886, 1, 2, 7-10. Jahrbiicher, XII, 4—XIII, 3. The Society. 

Frankfurter Verein fiir Geographie und Statistik. J ahresberichte, XI, 


VIII, XLIX. The Society. 
Senckenbergische Naturforschende Gesellschaft. Abhandlungen, XIV, 

1. Bericht, 1885. The Society. 
Frankfurt a. O. Naturwissenschaftlicher Verein. Monatliche Mitthei- 
lungen, III, 10, 11. The Society, 


Fr a Thurganische Naturforschende Gesellschaft. Mittheilungen, 

leew The Society. 

Frieburg i. i. B. Naturforschende Gesellschaft. Berichte tiber die Ver- 

handlungen, VIII, 3. The Society. 
Gand. Archives de Biologie (Van Beneden et Van Bambeke), VI, 1, 2. 

I. V. Williamson Fund. 

Geneva. Institut National Genevois. Bulletin, XXVI. The Society. 

Recueil Zoologique Suisse (Fol.), III, 1-4. I. V. Williamson Fund. 

Société Physique et d’ Histoire Naturelle. Memoires, X XIX, 1. 
The Society. 
Genoa. Reale Accademia delle Scienze Mediche. Rendiconto sommario, 


I, 1885. The Society. 
Societa di Letture e Conversazioni scientifiche. Giornale, IX, 1a, 
Sem. 1-8. The Society. 


Museo civico di Storia Naturali. Annali, I-VI, XVUI-XXI. 
The Society. 
Giessen. Jahresbericht iiber die Fortschritte der Chemie (Fittica), 1883, 
No. 5—1884, No. 3. The Editor. 
Oberhessische Gesellschaft fiir Natur- und Heilkunde. 24er Bericht. 
The Society. 
Glasgow. Natural History Society. Proceedings, New Series, I, 2. Index, 


Vols. I-V. "The Society. 
Gorlitz. Oberlausitzische Gesellschaft der Wissenschaften. Neues lausit- 
cisches Magazin, LXI, 2; LXII, 1. The Society. 


Gotha. Dr. A. Petermann’ s Mittheilungen aus Justus Perthes’ geographi- 
scher Anstalt, XXX], 1h—XX XT, 10. Erginzungsheft, Nos. 80-83. 

I. V. Williamson Fund. 

Granville, Ohio. Denison University. Bulletin of the Scientific Labora- 


tories, I. The University. 
s’Gravenhage. Nederlandsche entomologische Vereeniging. Tijdschrift 
voor Entomologie, XXVIII, 1-4; XXX. den The Society. 


Graz. Botanisches Institut (Leitgeb. ‘e Mittheilungen, H. 1. 
I. V. Williamson Fund. 
Naturwissenschaftlicher Verein fiir Steiermark, Mittheilungen, 1885. 
The Society. 
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Verein der Aerzte in Steiermark. Mittheilungen, 1884, 1885. 


The Society. 
Zoologisches Institut. Arbeiten, I, 1, 2. I, V. Williamson Fund. 


Groningen. Naturkundig Genootschap. Verslag, 1885. The Society. 
Halifax. Nova Scotian Institute of Natural Science. Proceedings and 
Transactions, VI, 3. The Society. 


Halle a. $. Verein fiir Erdkunde. Mittheilungen, 1885. The Society. 
Zeitschrift fiir Naturwissenschaften, 4e F., [V, 4—V, 2. The Editor. 
Hamburg. Geographische Gesellschaft. Mittheilungen, 1885, No. 2. 
The Society. 
Hamilton. Hamilton Association. Journal and Proceedings, I, 2. 
The Society. 
Haarlem. Musée Teyler. Archives, 2de Ser. II, 3. The Director. 
Société Hollandaise des Sciences. Archives XX, 3—XXI, 1. 
The Society. 
Heidelberg. Naturhistorisch-medicinischer Verein. Verhandlungen, n. 
F., IU, 5; Festschrift zur Feier des 500 jahr. Jubilaums. 
The Society. 
Helsingfors. Siallskapet pro Fauna et Flora Fennica. Acta, II. Medde- 
landen 12, 13. The Society. 
Hermannstadt. Siebenbiirgischer Verein fiir Naturwissenschaften, Ver- 
handlungen und Mittheilungen, Jahresberichte, 1884—85. 
The Society. 
Iowa City. State Historical Society. Iowa Historical Record, 1885, Oct.— 
1886, Oct. The Society. 
Ithaca, N. Y. Cornell University. Bulletin (Science), I, 1, 2. 
The Trustees, 
Jena. Medicinisch-naturwissenschaftliche Gesellschaft. Zeitschrift XII, 
2-4, Suppl. 1, 2. Sitzungsberichte, 1883. The Society. 
Zoologische Jahrbiicher (Sprengel), I, 1-4 ; Suppl. I. 
; I. V. Williamson Fund. 
Kansas City. The Kansas City Review of Science and Industry, IX, 5. 
The Editor. 
Kharkow. Société des Naturalistes a l'Université Impériale (In Russian) 
Travaux, XVIII. The Society. 
Kiel. Naturwissenschaftlicher Verein. Schriften, VI, 1, 2. The Society. 
Universitit. Verzeichniss, 1885, Nos. 1, 3; 1886, No. 1. Chronik, 
1884-5, 1885-6. The University. 
Klagenfurt. Landesmuseum von Kirnten. Jahrbuch XVII. Bericht, 
1884, Carinthia, 1885, Nos. 9-12; 1886, Nos. 1-11. Diagramme 
der magn. u. meteor. Beobachtungen, 1884. The Director. 
Konigsburg, Physikalisch-dkonomische Gesellschaft. Schriften, X XVI. 
The Society. 
Landshut. Botanischer Verein. Bericht, 1881-85. The Society. 
Lausanne. Société Vaudoise des Sciences Naturelles. Bulletin, Nos. 92, 93. 
The Society. 
Leeds. Geological and Polytechnic Society of the West Riding of York- 
shire. Proceedings, n. s., IX, 1. The Society. 
Philosophical and Literary Society. Annual report, 1885-86. 
The Society. 
Yorkshire Naturalists’ Union. Transactions, 1883, Pt. 8. The Society. 
Leipzig. Archiv fiir Anatomie und Physiologie. Anatomische Abhand- 
lungen, 1885, Nos. 5, 6; 1886, Nos. 1-4. Physiologische Abhand- 
lungen, 1885, Nos. 5, 6, Suppl. B.; 1886, Nos. 1-6, Suppl. Bd. 
I. V. Williamson Fund. 
Botanisches Institut zu Tiibingen. Untersuchungen, I, 3; II, 1. 
I. V. Williamson Fund. 
Botanische Jahrbiicher (Engler), VII, 1—VIII, 1. 
I. V. Williamson Fund. 
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Fiirstlich Jablonowski’sche Gesellschaft. Preisschriften, XX VI. 
The Society. 
Jahresberichte iiber die Fortschritte der Anatomie und Physiologie 
(Hofmann und Schwalbe), XIII, 1 and 2 Abth., XIV., 1 Abth. 
I. Y. Williamson Fund. 
Journal fiir Ornithologie, XX XIII, 3—XXXTV, 1. 

I. VY. Williamson Fund, 
Morphologisches Jahrbuch, XI, 2—XIT, 2. I. V. Williamson Fund. 
Naturforschende Gesellschaft, Sitzungsberichte 1884, 1885. Society. 
K. Siichsische Gesellschaft der Wissenschaften. Berichte ueber die 


Verhandlungen, 1884, No. 3, Society. 
Zeitschrift fiir Krystallographie und Mineralogie (Groth), XI, 1-XII, 
3; Repertorium, Bd. I-X, I. V. Williamson Fund, 


Zeitschrift fiir wissenschaftliche Zoologie, XLII, 4-XLIV, 2. 
I. VY. Williamson Fund. 


Zoologischer Anzeiger, Nos. 208-236. The Editor, 
Zoologische Station zu Neapel. Mittheilungen VI, 3 and 4, Jahres- 
bericht, 1884, Nos. 1, 3, 4; 1885, No. 3. The Director. 
Leyden. Leyden Museum. Notes, VII, 1-4. The Director, 


Nederlandsche Dierkundige Vereeniging. Tijdschrift, 2de Ser. I, 2. 
The Society. 
Liege. Société Royale des Sciences. Mémoires, 2me Ser. XI. The Society. 


Lille. Société Géologique du Nord. Annales XII. The Society. 
Bulletin scientifique du Département du Nord, VII; VIII, 1-12. 
The Society. 
Associacao dos Engenheiros Civis Portuguezas. Revista da Obras 
publicas e Minas. Nos. 191-194. The Society, 
Liverpool. Free Public Library, Museum and Walker Art Gallery. 33d 
annual report. , The Director. 
Geological Society. Proceedings, V, 2. The Society. 
Naturalists’ Field Club. Proceedings, 1885-86. The Society. 


London. Annals and Magazine of Natural History, 5th Ser., Nos. 96-107. 
I. V. Williamson Fund. 

Anthropological Institute. Journal, XV, 2-XVI, 2. The Society. 
Astronomical Register, Nos. 276-287. I. V. Williamson Fund. 
Chemical Society. Abstract of the Proceedings, Nos. 13-27. Journal, 
Nos. 277-288 ; Suppl. to Vols. 47 and 48, Catalogue of the Library. 

The Society. 

Curtis’ Botanical Magazine, Nos. 1185-1197. I. V. Williamson Fund, 


The Earth, Nos. 1-3. The Editor. 
The Electrician, XVI, 2-X VII, 2. The Editor. 
Entomological Society. Transactions, 1885, Nos. 4 and 5; 1886, Nos. 
1-3. The Society. 
Gardener’s Chronicle, Nos. 621-673. The Editor. 
Geological Magazine, Nos, 258-269. I. V. Williamson Fund. 

Geological Society. Quarterly Journal, Nos. 160-167. List. 
The Society. 


Geologists’ Association. Proceedings, VIII, 7-IX, 6. The Society. 
Hardwicke’s Science Gossip, Nos. 252-263. I. V. Williamson Fund. 
Ibis, 5th Ser., Nos. 18-16. I. V. Williamson Fund. 
Journal of Anatomy and Physiology, XX, 2; XXI, 1. 
I. V. Williamson Fund. 
Journal of Botany, British and Foreign, Nos. 276-287. 
I. V. Williamson Fund. 


Journal of Conchology, V, 1-3. The Editor. 
Journal of Physiology (Foster), VI, 6-VII, 6. I. V. Williamson Fund. 
Journal of Science, 3d Ser., No. 144. I. VY. Williamson Fund, 


Knowledge, Nos, 174-196 ; IX, 1-7; X, 10, The Editor, 
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Linnean Society. Journal—Botany, Nos. 138-150; Zoology, 109-113. 
Transactions, 2d Ser.—Zoology, II, 12-17; III, 2-4. List, 1885-6. 

The Society. 

London, Edinburgh and Dublin Philosophical Magazine, 5th Ser., 


Nos. 127-138. I. V. Williamson Fund. 
Mineralogical Society of Great Britain and Ireland. Mineralogical 

Magazine, Nos. 31 and 32. I. V. Williamson Fund. 
The Naturalist, Nos. 125-136. The Editor. 
Nature, Nos. 838-890. The Editor. 
Paleontographical Society. Publications, XX XIX. Wilson Fund. 
Physical Society. Proceedings, VII, 3-VILI, 2. The Society. 


Quarterly Journal of Microscopical Science, n. s. Nos. 100-106. 
I. V. Williamson Fund. 
Royal Geographical Society. Proceedings, VII, 12-VIII, 11. 
The Society. 
Royal Horticultural Society. Journal, VII, 1. The Society. 
Royal Institution of Great Britain. Proceedings, XI, 2. List, 1885. 
The Society. 


Royal Microscopical Society, V, 6, 6a; VI, 1-5. The Society. 
Royal Society. Proceedings, Nos. 239-246. Philosophical Trans- 

actions, vol. 176, Nos. 1 and 2. The Society. 
Scientific Enquirer, I, 1-10. The Editor. 
Society of Arts. Journal, XXXIII. The Society. 
Society of Psychical Research. Proceedings, I, 9. The Society. 


Statistical Society. Jubilee volume, June 22-24, 1885. The Society. 
Triibner’s Literary and Oriental Literary Record. Nos. 217, 218, 221, 


222, 225-228. The Publishers. 
Zoological Record, 1884. I. V. Williamson Fund. 
Zoological Society. Proceedings, 1885, IV; 1886, I-III. Trans- 

actions, XII, 1-3. The Society. 
Zoologist, 3d Ser., No. 108-119. I, V. Williamson Fund. 


London, Ca. Canadian Entomologist, XVII, 11-XVIII, 9. The Editor. 
Lucca. Reale Accademia Lucchese di Scienze, Lettere ed Arti. Atti, 


XXIV. The Society. 
Lund. University. Acta, XXI. Katalog, 1885. The University. 
Lyon. Académie des Sciences, Belles-Lettres et Arts. Memoires, Classe 

des Lettres, X XIII. The Society. 

Société d’Agriculture, Histoire Naturelles et Arts utiles, 5me ser. 
Annales, VI—VIII. The Society, 
Société Linnéenne. Annales, n. s., XXX, XXXI. The Society. - 
Madison. Wisconsin Academy of Sciences, Arts and Lettres. Trans- 
actions, VI. The Society. 
Madrid. Observatorio. Resumen de las Observaciones, 1881. 
Real Academia de la Historia. Boletin VIII, 4. The Society. 
Revista de los progressos de las ciencias exactas, fisicas y naturales, 
PROX = 9) = eT 1 The Society. 


Sociedad Geografica, Boletin XIX, 4-6; XX, 2-6; XXI, 1, 2. 

The Society. 
Naturwissenschaftlicher Verein. Jahresbericht und Abhandlungen, 
1885. The Society. 
Manchester. Biological Laboratories of the Owens College. Studies, I. 
The Trustees, 
Geological Society. Transactions XVIII, 11—XIX,1. The Society. 
Literary and Philosophical Society. Proceedings, XXIII, XXIV. 
Memoirs, 3d ser., VIII. The Society. 
Marburg. Gesellschaft zur Beférderung der gesammten Naturwissen- 

schaften. Sitzungsberichte, 1884, 1885. Schriften, 8vo, XII. 1. 
Metz. Académie. Mémoires, 1882-83. The Society. 
Verein fiir Erdkunde. 8er Jahresbericht. The Society, 
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Mexico. Ministerio de Fomento. Boletin Nos. 154-146, The Editor, 
Museo Nacional. Anales, III, 9. The Director. 
Sociedad Mexicana de Historia Natural. La Naturaleza, VII, 11-15. 

The Society. 
Sociedad cientifica ‘‘Antonio Alzate.’? Resena sobre el estableci- 


miento, etc., 1885. Memorias I, 1. The Society. 
Middelburg. Zeeuwsch Genootschap der Wetenschappen. Archief VI, 1. 
Naamlijst, 1880-84. The Society. 


Middletown. Wesleyan University Museum, 14th annual report. 
The Director. 
Milan. R. Instituto Lombardo di Scienze e Lettere. _Rendiconti, ser. 2, 
XVIII, 17—XIX, 12. Memorie, XIV, XVI; XIX. The Society. 
Regio Instituto technico superiore. Programma 1866-67. The Society. 
Milwaukee. Public Museum, 3d annual report. The Director. 
Modena. R. Accademia di Scienze, Lettre ed Arti. Memoire, ser. 2, III. 
The Society. 
Societa dei Naturalisti. Atti, serie 3, II, pp. 129-178; IV, pp. 89-128. 
The Society. 
Montreal. Canadian Record of Science, II, 1-4. The Editor. 
Canadian Record of Natural History and Geology. I, 2, 3. The Editor. 
Numismatic and Antiquarian Society. Canadian Antiquarian, XII, 
3. The Society. 
Moscow. Société Impériale des Naturalistes. Bulletin, 1884, No.4—1886, 
No. 1. Nouveaux Mémoires, XV, 1-4. The Society. 
Munich. Gesellschaft fiir Anthropologie, Ethnologie und Urgeschichte, 
Beitrige zur Anthropologie und Urgeschichte Bayerns, VII, 1, 2. 
The Society. 
K. B. Akademie der Wissenschaften. Sitzungsberichte der math.- 
phys. Classe, 1863, I, 1, 2,4; II, 1-4. 1864, 1, 3; I, 3,4. 1866, I, 
1-4, 1885, 1-4. Abhandlungen, math.-phys. Classe, XV, 2. 
The Society. 
Miinster. Westfilischer Provinzial-Verein fiir Wissenschaft und Kunst. 
Jahresbericht, XIII. The Society. 
Zeitschrift fiir Biologie, I—X XI; XXII, 1—XXTI, 2. 
* J. V. Williamson Fund. 
Nancy. Société des Sciences. Bulletin, ser. 2me, Fasc. 18. The Society. 
Naples. R. Accademia delle Scienze fisiche e matematiche. Rendiconto 
XXII—XXYV, 3. The Society. 
R. Istituto d’Incoraggiamento alle Scienze Naturali economiche e 
technologiche. Atti, 2e ser. IV. The Society. 
Neubrandenburg. Verein der Freunde der Naturgeschichte in Mecklen- 
burg. Archiv, 39er Jahrg. The Society. 
Neweastle-upon-Tyne. Natural History Society of Northumberland, Dur- 
ham and Neweastle-upon-Tyne. Transactions VII, 2. The Society. 
New Haven. American Journal of Science, 3d ser. Nos. 180-191. 


The Editor. 

New York. Academy of Sciences. Annals, II, 9,10. Transactions, V, 
1-6. The Society. 
American Bookselier, XIX, 5; XX, 2. The Editor. 


American Entomologist, new series, I, 1; III, 3. 5-11. 
Entomological Section. 
American Geographical Society. Bulletin, 18385, Nos. 2, 3; 1886, 


Nos. 1, 5-7. The Society. 
American Museum of Natural History. Annual report, 1885-86. 
Bulletin, No. 7. The Director. 
The Auk, III, 1-4. The Editor. 
Codperative Index to Periodicals, I, 4. The Editor. 


Forest and Stream, XXV, 18—XXVII, 18. The Editor. 
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Library Journal, X, 11—XT, 11. I. V. Williamson Fund. 
Literary News, VI, 11—VII, 11. The Editor. 
New York Medical Journal, XLII, 22—XLIV, 22. The Editor. 


Mercantile Library Association, 65th Annual Report. The Librarian. 
New York Microscopical Society. Journal, I, 8, 9; II, 3-5. 
The Society. 


Popular Science Monthly, 1886, Jan.-Dec. The Editor. 
Science, Nos. 147-199. I. V. Williamson Fund. 
New York State Pharmaceutical Association. Proceedings, 8th An- 
nual Meeting. The Society. 
Torrey Botanical Club. Bulletin, XII, 9—XIIT, 11. The Society. 
Nijmegen. Nederlandsche Botanische Vereeniging. Nederlandsche 
Kruidkundig Archief, 2e, Serie., IV, 4. The Society. 


Niirnberg. Naturhistorische Gesellschaft. Abbandlungen, VIII. 
The Society. 
Odessa. Société des Naturalistes de la Nouvelle Russie. Memoirs, IX, 
1—XI, 1. The Society. 
Société des Naturalistes a l'Université Imperiale de Kharkow. Tra- 
vaux, XIX. The Society. 
Orleans. Société d’ Agriculture, Sciences, Belles-Lettres et Arts. Me- 
moirs, 2me, Ser., XXV, 1, 2; XXVI, 1,-2. The Society. 
Ottawa. Ottawa Field-Naturalists’ Club. Transactions, 1-6. The Society. 
Padova. Societa Veneto-Trentina di Scienze Naturali. Atti, TX, 2, 
Bollettino, ITI, 4. The Society. 
Reale Accademia di Scienze. Lettere Belle Arti. Bollettino, I, 1-6. 
The Society. 
Il Naturalista Siciliano, I, 2—II, 11; V, 2—VI, 2. The Editor. 
Paris. Académie des Sciences. Comptes Rendus, Vols. 99 and 100. 
The Society. 
Annales des Mines, 7me, Serie, VII, 4—IX, 3. 
Minister of Public Works in France. 
Annales des Sciences Géologiques, X VJII. The Editor. 
Annales des Sciences Naturelles, Zoologie et Paléontologie, 6me, Serie, 
XIX, 1-6; XX, 1-6. Botanique, 7me, Sér., II, 2—IV, 4. 
I. V. Williamson Fund. 
Archives de Zoologie experimentale et générale, 2me Sér., IV, 1-3. 
I. V. Williamson Fund. 
La Bibliophile, Nos. 1-24, 1881-82; Nos. 1-10, 18-31, 1882-86 ; 1886, 


Nos. 32-35. _ The Editor. 
Ecole Polytechnique. Journal, 55e Cah. The Director. 
Journal de Conchyliologie, 3e Sér. ., XXV, 1—XXYVI, 3. The Editor. 
Journal de Micrographie, IX, 11—X, 10. The Editor. 
ee d’ Histoire Naturelle. Nouvelles Archives, 2me Sér., VII, 

> VIEL 1. The Society. 
Le era aalics 1885, No. 22—1886, No. 46. The Editor. 
Revue d’ Ethnographie, IV, 4—V, 38. I. V. Williamson Fund. 
Revue Géographique internationale, 8me Annél, Nos. 120-123, 126, 

128-131. The Editor. 
Revue Scientifique, 3e Ser., V, 20—VI, 21. The Editor. 


Socicté @’ Acclimatation. Bulletin, 1885, No. 9—1886, No. 8-10. 
The Society. 
Société de Biologie. Compte Rendu des Séances, 6me Ser., 1885, No. 
38—1886, No. 39. The Society. 
Société Entomologique de France. Annales, 5me Ser., V, 1—4.° 
The Society. 
Société Géologique de France. Bulletin, me Ser., XIII, 7, 8; XIV, 
1-5. The Society. 
Société Malacologique de France. Bulletin, No. 2, Dec., 1885; No. 
1, Juillet, 1886. Annales de Malacologie, II, 3. The Society. 
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Société Minéralogique de France. Bulletin, VIII, 8—IX, 6. 


The Society. 
Société Nationale d’ Agriculture de France. Bulletin, 1885, No. 8— 
1886, No. 8. The Society. 


Société Philomathique. Bulletin, 1864-1884; ’85, 7me Sér., X, 1, 2. 

The Society. 

Société Zoologique. Bulletin, 1885, No. 4—1886, No. 3. The Society. 
Passau. Naturhistorischer Verein. Bericht, 1, 2, 4, 5, 7-9, 10, 18. 

Penzance. Royal Geological Society of Cornwall. Transactions, X, 8. 

The Society. 

Philadelphia. Academy of Natural Sciences. Proceedings, 1885, No. 3— 

1886, No. 2. Publication Committee. 
College of Pharmacy. Alumni Association, 22d annual report. 

The Society. 


Dental Cosmos, XX VII, 12—X XVIII, 11. The Editor. 
American Entomological Society. Transactions, XI, 1; XII, 2-4; 

XIII, 1, 2 
American Pharmaceutical Association. Proceedings, 33d annual 
meeting. The Society. 
Engineers’ Club. Proceedings V, 3 and Suppl. 4, 5. The Society. 
Franklin Institute Journal, 3d Ser., Nos. 720-731. The Society. 
Gardener’s Monthly, Dec. 1885-—Nov., 1886. The Editor. 
Historical Society of Pennsylvania, Pennsylvania Magazine of History 
and Biography, IX, 4—X, 3. The Society. 
American Journal of the Medical Sciences, Jan.—Oct., 1886 and Supple- 
ment. The Editor. 
American Journal of Pharmacy, 4th Ser., LVII, 12—LVII, 11. , 
The Editor, 


Library Company of Philadelphia. Bulletin, Jan. and July, 1886. 
The Librarian. 
American Naturalist, 1878-Oct., 1886, incl., except Jan., 1883. 
Stuart Wood. 


Same, XIX, 1—XX, 11. The Editor. 
The Microscopic Bulletin, I, 6—III, 5. The Editor. 
Naturalists’ Leisure Hour, Jan.—Sept., 1886. The Editor. 


Pennsylvania Forestry Association. Forest Leaves, No. 1. 
The Society. 
American Philosophical Society. Proceedings, Nos. 121-123. List of 


Members, 1886. The Society. 
Polyclinic, I, 4; HI, 8—IV, 5. The Editor. 
Zoological Society, 14th annual report. The Society. 

Pisa. Societa Malacologica Italiana. Bollettino, XI, Foglie 8-17, XII, 

1-4. The Society. 
Societa Toscana di Scienze Naturali. Atti V, pp. 1-39, 48-55, 80-98, 

95-117. Memorie VI, 2; VII. The Society. 

Port of Spain. Trinidad official and commercial Register and Almanack, 

1886. The Editor. 

Providence. Random Notes on Natural History, II. The Editor. 


Quebec. Literary and Historical Society. Transactions, Sessions 1883- 
1886. The Society. 
Raleigh. Elisha Mitchell Scientific Society. Journal, 1883-84, 1884-85. 
The Society. 

Regensburg. K. B. Botanische Gesellschaft. Flora, n. R., 43er Jahrg. 
: The Society. 
Zoologisch-mineralogischer Verein. Correspondenz-Blatt, 39er Jahrg. 
The Society. 
Richmond. The Industrial South, VI, 6, 7, 10-14, 16-23, The Editor. 

Riga. Naturforscher-Verein. Correspondenzblatt, 28er Jahrg. 

The Society. 
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Rio de Janeiro. Escola de Minas de Ouro Preta. Annaes No. 4. 
The Director. 
Museu Nacional. Archivos, I, 2-4; II, 1-4; III, 1-4; VI. 
The Director. 
Observatoire Impérial. Revista, I, 1-10. The Director. 
Rochester. Ward’s Natural Science Bulletin, May 1, 1886. The Editor. 
Rome. R. Accademia dei Lincei. Atti, Serie Quarta, Rendiconti, I, 24— 


II, 7. Atti, Ser. 2, I—III, 1, 2. The Society. 
Archives Italiennes de Biologie (Emery et Mosso), I, 1882—VII, 2. 
Catalogue des Travaux, 1884. I. V. Williamson Fund. 


Biblioteca Nazionale Centrale Vittorio Emanuele, Bollettino Nos. 1-4. 
The Librarian. 
Societa Geografica Italiana. Bollettino, Ser. II, An. XIX, 11—XX, 10. 
The Society. 

Societa degli Spettroscopisti Italiani. Memorie XIV, 9—XYV, 7. 
The Society. 
St. Gallen. St. Gallische Naturwissenschaftliche Gesellschaft. Bericht, 
1883-84, The Society. 

St. John. Natural History Society of New Brunswick. Bulletin, 5. 
The Society. 
St. Petersburg. K. Akademie der Wissenschaften. Repertorium fiir 
Meterologie, IX. Mémoires, XXXII, 14—XXXIV, 3. Bulletin, 


XXX, 1-3. The Society. 
Bulletin of the same, VI, Ser. IV, 2e Partie, 1. Dr. Asa Gray. 
Comité Geologique Russe. Bulletin, 1885, No, 8—1886, No. 6. Mé- 
moires, II, 2. The Survey. 
Hortus Petropolitanus. Acta, IX, 2. Catalogus Syst. Biblioth., Ed. 
Nov., 1886. The Director. 


Physikalisches Central-Observatorium. Annalen 1884, I, II. 
The Director. 
Russian Physico-Chemical Society of the University of St. Petersburg. 
Journal, XVII, 7-9; XVIII, 1-7. The Society. 
Societas Entomologica Rossica. Horae, XIX. | The Society. 
Imp. Russkoye Geografitcheskoye Obschtchestvo. Izviestiya, XXI, 
5—XXII, 3. Zapiski, 1885. 
Salem. Essex Institute. Bulletin, XVII, 4—XVIII, 6. The Society. 
Peabody Academy of Sciences, 18th annual report. Memoirs, II. 
The Society. 
Salzburg. Deutscher und Oesterreichischer Alpenverein. Mittheilungen, 
1885, No. 1-2. The Society. 
San Francisco. California Academy of Sciences. Bulletin Nos. 4 and 5. 
The Society. 
Mercantile Library Association, 33d annual report. The Librarian. 
Semur. Société des Sciences Historiques et Naturelles. Bulletin 2e ser., 


No; 1: The Society. 
Staunton. The Virginias, VI, 12. 
Stockholm. Entomologisk Tidskrift, VI, 1-4. The Editor. 


Geologiska Forening. Foérhandlingar, VII, 183—VIII, 5. The Society. 

Svenska Siallskabet for Anthropologie och Geografi. Ymer, 1885, Nos. 
5-8. The Society. 

K. Vetenskaps Akademien. Ofversigt, 1885, No. 5—1886, No. 8. 
Bihang, X, 1, 2. 


Stuttgart. Humboldt, IV, 11—V, 11. I. V. Williamson Fund. 
Kosmos, 1885, No. 5—1886, No. 3. I. V. Williamson Fund. 
Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie, III. 

Beil. 3. I. V. Williamson Fund. 


Verein fiir vaterliindische Naturkunde in Wirtemberg. Jahreshefte, 
42er Jahrg. : The Society. 
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Switzerland. Société Helvetique des Sciences Naturelles, 68me session. 
The Society. 
Sydney. Linnean Society of New South Wales. Proceedings X, 3, 4. 
Proc. Linnean Hall, Oct. 31, 1885; 2d ser. I, 1. 
Tasmania. Royal Society. Papers, Proceedings and Reports, 1885. 
The Society. 
Tokio. Seii Kwai. Transactions, Supplement IV, 11—V, 10. The Society. 
Topeka. Washburn Laboratory of Natural History. Bulletin, I, 3-7. 
The Director. 
Toronto. Canadian Institute. Proceedings, new series, III, 3—IV, 1. 
The Society. 
Entomological Society. Annual report, 1886. The Society. 
Toulouse. Académie des Sciences, Inscriptions et Belles-Lettres. Mé- 
moires, 8me ser., VII, 1, 2. 


Revue Mycologique, VII, 29-32. The Editor. 
Société d’ Historie Naturelle. Bulletin, XIX. Apr.—Sept. Compte- 
rendu sommaire Jan. 6—Mai 19, 1886. The Society. 
Trenton. Natural History Society. Journal I, 1. The Society. 


Trieste. Societa Adriatica di Scienze Naturali. Bollettina IX, 1, 2. 
The Society. 
Truro. Royal Institution of Cornwall. Journal VIII, 4; IX, 1. 
The Society. 
Tiibingen. Der Naturforscher, XIX, 1-26. The Editor. 
Turin. Accademia Reale delle Scienze. Atti, XX, 1-6. Memoria, serie 
2a, XXXVI. 
Musei di Zoologia ed Anatomia comparata della R. Universita. Bol- 
letino I, 1-15. The Director. 
Regio Osservatorio della Regia Universita. Bollettino, XIX. 
The Director. 
United States. American Association for the Advancement of Science. 
Proceedings, XX XIII, 1, 2; XXXIV. The Society. 
American Society of Microscopists. Proceedings, 8th annual meet- 
ing. The Society. 
Upsal. Observatoire de l’Université. Bulletin Meteorologique, XVII. 
The Director. 
Regia Societas Scientiarum. Nova Acta, XIII, 1. The Society. 
Utrecht. K. Nederlandsch Meteorologisch Institut. Jaarboek, 1885. 
The Director. 
Provincial Utrechtsch Genootschap van Kunsten en Wetenschappen. 
Verslag, 1885. Aanteekeningen 1884 and 1885. The Society. 
Valparaiso (Indiana). The Hoosier Naturalist, I, 5, 12. The Editor. 
Valparaiso (Chili). Wissenschaftlicher Verein zu Santiago. Verhand- 
lungen, 3 H., 1886. Dr. L. Darapsky. 
Venice. L’Ateneo Veneto, Ser. IX, Vol. II, 6—Ser. X, Vol. II, 2. 
The Editor. 
R. Istituto Veneto di Scienze, Lettere ed Arti. Atti, S. VI, T. II, 1— 
Ir, 9. The Society. 
Notarisia, IJ, 1-4. The Editor. 
Vienna. K. Akademie der Wissenschaften. Sitzungsberichte, mathem.- 
naturw. Classe, LXXXIX, 3e Abth. 1-5; XC, ler Abth. 1-5; 2e 
Abth. 1-5; 8e Abth. 1-5; XCI, le Abth. 1-4; 2e Abth. 1-3. Reg- 
ister, 86-90 Bd. Denkschriften, XLVII. The Society. 
Anthropologische Gesellschaft. Mittheilungen, XV, 1-3. The Society. 
K. K. Geologische Reichsanstalt. Jahrbuch, XXXV, 4; XXXVI, 1. 


Verhandlungen, 1885, No. 18—1886, No. 12. The Society. 
Mineralogische und petrographische Mittheilungen (Tschermak). 
Neue Folge, VII, 3-6. I. V. Williamson Fund. 


K. K. Naturhistorisches Hofmuseum. Annalen I, 1, 2. The Director. 
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Ornis, I, 1—II, 1. I. V. Williamson Fund. 
Verein zur Verbreitung Naturwissenschaftlicher Kenntnisse. Schrif- 
ten, XXYVI. The Society. 


Wiener Illustrirte Garten-Zeitung, 1885, No. 10—1886, No. 5. 
The Editor. 
K. K. Zoologisch-botanische Gesellschaft. Verhandlungen, XX XV, 2; 
XXXVI, 1, 2. The Society. 
Zoologisches Institut. Arbeiten, VI, 1—VII, 1. 
I. V. Williamson Fund. 
Washington. American Monthly Microscopical Journal, VI, 12—VII, 11. 


The Editor. 
Anthropological Society. Abstract of Transactions, III. The Society. 
Chemical Society. Bulletin No. 1. The Society. 


National Academy of Sciences. Constitution and membership, June 
10, 1885. Memoirs, III, 1. Proceedings, I. 2. Report of Proceed- 


ings during the year 1882. Dr. Jos. Leidy. 
Philosophical Society. Bulletin, VIII. The Society. 
Smithsonian Institution. Report, 1884, I, II. The Institution. 
United States Department of Agriculture. Division of Entomology. 
Bulletin, No. 11. The Department. 


United States Fish Commission. Bulletin, V, VI, 1-14. 
The Commission. 
United States National Museum. Proceedings, VIII, 37, et seq., IX, 
pp. 1-288. The Director. 
United States Publications Monthly Catalogue, I, 9—II, 6. 
I. V. Williamson Fund. 
Wellington. New Zealand Institute. Transactions, XVIII. The Society. 
Westeras. Redogorelse for Hozre Allmanna Liiroverket, 1885-86. 
Westeras Gymnasium, 
Wiesbaden. Nassauischer Verein fiir Naturkunde. Jahrbucher, XX XVIII, 
XXXIX. The Society. 
Wilmington. Wilmington Institute, 29th annual report. The Society. 
Worcester. American Antiquarian Society. Proceedings, IV, 1, 2. 
The Society. 
Wiirzburg. Physikalisch-medicinische Gesellschaft. Verhandlungen, n. 
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